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ABSTRACT 
The socioecological model offers a framework for attempting to explain variation 
in sociality based on differences in ecological and social factors such as resource 
distribution, predation pressure, and infanticide risk. Orangutans are unusual among 
higher primates in their low degree of sociality and are considered to be semi-solitary. 
Their limited social behavior is thought to be a result of weak predation pressure on these 
large-bodied apes, coupled with the low and unpredictable fruit productivity that is 
characteristic of their habitat. Orangutans do come together occasionally, and there 
appears to be variability in the gregariousness of different populations. Orangutans 
present a unique opportunity to examine both social and solitary conditions within a 
single population to test predictions regarding the costs and benefits of sociality. This 
study assesses the ecological and social context in which social parties occur in Gunung 
Palung National Park on the island of Borneo. The potential costs of these associations 
are evaluated using behavioral and physiological markers of stress and parasite infection 
patterns. Fruit availability is predicted to influence the frequency of social associations, 
with sociality increasing when fruit availability is high. While the socioecological model 
predicts that female orangutans display reduced sociality, this should affect females in 
		 ix 
different reproductive (and hence, energetic) states differently. The results of this study 
confirmed that fruit availability influences the occurrence of social events and revealed 
adolescent females to be the most social age-sex class. Adolescent females displayed the 
most affiliative behaviors and engaged in notable sexual rituals with flanged males. They 
sought and maintained social associations with others, particularly their mothers. Despite 
evident signs of anxiety, adolescent females did not display elevation in the stress 
hormone cortisol under social conditions, while adult females and flanged males did. 
Intestinal parasites were widespread in this population, and the prediction for elevated 
parasite prevalence in more social classes was unsupported. This study revealed a greater 
degree of gregariousness than orangutans are typically credited with, and highlights the 
adolescent period as behaviorally distinct and socially rich for female orangutans who 
face unique challenges as members of a semi-solitary species with high levels of sexual 
coercion.   
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CHAPTER ONE: INTRODUCTION  
 
1.1 Primate Sociality and the Peculiar Case of the Semi-Solitary Ape 
 
Social structure and organization are varied and diverse in the order primates. 
Across over 300 species, a vast array of different social systems occurs. These systems 
range from ‘solitary’, as in many strepsirrhines (Kappeler 1997), to aggregations of 
hundreds of individuals, as in gelada baboons (Snyder-Mackler et al. 2012). Phylogeny 
accounts for some of the variation we observe in social systems among primates, with 
closely related species tending to have similar social organization (Shultz 2016).  There 
remains a great deal of variation, however, both within and between species (Chapman 
and Rothman 2009).  
The socioecological model has provided a framework by which primatologists 
have attempted to explain variation in sociality based on differences in ecological and 
social conditions. Trivers (1972) highlighted the differences in reproductive interests 
between the sexes, whereby we can expect females, as the sex investing most in 
reproduction, to be limited by access to resources, and males to be limited by access to 
females. In this way, the distribution of food in the environment – clumped and 
defendable or dispersed and indefensible – influences the type of feeding competition that 
may arise between females and how, then, they will arrange themselves socially to 
minimize competition  (Wrangham 1980; van Schaik 1983; Sterck et al. 1997). Predation 
can have a strong influence on primate grouping patterns as well (Terborgh and Janson 
1986), and is considered to be a major selective force that shapes sociality. Infanticide 
risk and female counterstrategies against infanticide also have great explanatory power in 
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understanding primate social organization (Sterck et al. 1997; Borries et al. 1999). Data 
from primate studies have demonstrated that infanticide risk can impact group size 
(Crockett and Janson 2000), philopatry, territoriality, vigilance patterns, and female 
alliances (Janson 2000).   
In the late 1970s parasites were first suggested as a strong selective force on 
primate sociality (Freeland 1976). This idea was not tested rigorously, however, until 
more recently when others have reiterated the theoretical importance and potential of 
disease as a selective pressure on social behavior (Nunn and Altizer 2006; Nunn et al. 
2000; Nunn et al. 2003). Living with conspecifics brings along the risk of pathogen 
transfer and the fitness consequences can be swift and severe, resulting in illness and 
death, making health and sociality inherently intertwined (Kappeler et al. 2015). Parasite 
and disease transmission risk have been incorporated into a holistic understanding of 
socioecology in primates and can be conceptualized as a mortality risk much in the same 
way as predation pressure (Koenig et al. 2013). 
Thus, the nature and distribution of food across a habitat, predation pressure 
(including parasites and disease), and risk of sexual coercion (including infanticide) 
influence the way females interact with conspecifics within their environment to 
maximize access to resources and minimize costs to their fitness. Males will distribute 
themselves accordingly to maximize their access to mating opportunities based on the 
distribution of females (Wrangham 1980).  
Orangutans are unusual among higher primates in their low degree of sociality. 
Their primary social units consist of one adult female with her one dependent offspring, 
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lone subadult males/females, and lone adult males. Orangutans face relatively low risk 
from predation, especially on Borneo where tigers are absent (van Schaik and van Hooff 
1996). It is unclear whether infanticide is a risk for orangutans, as no definitive cases have 
been observed in the wild (Beaudrot et al. 2009), though their mating system and long 
interbirth intervals suggests that it would be an adaptive strategy for males  (Knott et al. 
2010; Knott et al. in review). Female orangutans show evidence for counter strategies to 
infanticide, including paternity confusion in their mating patterns (Knott et al. 2010) and 
reduction in the distance between themselves and their infants when they are in the company 
of a flanged male (Scott and Knott 2017). 
Southeast Asian rainforests are known to be lower in overall productivity than 
African or South American rainforests (Fleming et al. 1987). Much of orangutan habitat 
on Sumatra and Borneo is dominated by dipterocarp forest, which undergoes what is 
known as mast fruiting.  Influenced by El Niño events, Dipterocarpaceae trees flower 
synchronously anywhere from 3-7 years apart, with the forest exploding with food at 
these rare times (Curran and Leighton 2000). Outside of these periods, however, fruit is 
often scarce. Orangutans are preferred fruit eaters, but with the limited and unpredictable 
nature of fruit availability they often must fall back on lower quality items such as figs, 
leaves, and bark (Knott 1998; Vogel et al. 2008; Marshall et al. 2009). Relying on low 
quality, indefensible food items makes the resource-defense benefit of grouping irrelevant 
for orangutans most of the time. Dunbar (1988) and Lehmann et al. (2007) suggested that 
larger foraging groups spend more time and energy travelling, and support for this has 
been found for orangutans that travelled in parties (Galdikas 1988; Mitani 1989). With 
the energetic costs of living in groups and the nature of their habitat, orangutan sociality 
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is constrained by scramble competition for dispersed and unreliably available resources 
(van Schaik 1999; Harrison and Chivers 2007; Marshall et al.  2009).  
As a reflection of the extreme energetic constraints of the unique fruiting patterns 
in Southeast Asia, orangutans have the longest inter-birth interval of any mammal — 6-9 
years (Galdikas and Wood 1990; Knott et al. 2009; Wich et al. 2004; van Noordwijk et 
al. 2009). Pregnancy and lactation are extremely energetically expensive (Emery 
Thompson 2013), so orangutans must align these events with times they are in good 
energetic condition. It has been found that orangutans produce higher levels of ovarian 
hormones and experience higher rates of conception during periods of positive energy 
balance, as indicated by presence of ketones and C-peptide levels in urine samples, 
reflecting the strategy of increasing reproductive effort under favorable ecological 
conditions (Knott 1999, 2005; Emery Thompson and Knott 2008). 
Although often considered solitary, studies of orangutans characterize them as 
semi-solitary in appreciation of some degree of gregariousness observed (van Schaik 
1999). Depictions of orangutan social behavior in the literature, however, paint a picture 
of a rather socially averse ape. Knott et al.  (2008) found evidence for active avoidance 
between adult females in their overlapping home ranges. Van Noordwijk et al. (2012) 
describe related adult females coming together, often allowing play between their 
offspring, but note a lack of interaction between the mothers. Even orangutan mating 
behavior is marked by seeming social aversion, as it involves a high level of female 
mating resistance, often resulting in forced copulation (Knott 2009; Knott et al. 2010). 
In 2010, I observed orangutans in the wild for the first time, travelling to Gunung 
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Palung National Park on the island of Borneo to collect pilot data. I was surprised, based 
on my reading of the orangutan literature, to witness several large aggregations of 
orangutans and coordinated travel between individuals. I did note, however, that physical 
contact and overt interaction was nearly absent compared to the very social capuchin 
monkeys I had studied in the past. This raised questions for me about whether orangutans 
were actually interested in one another. If so, what keeps them from physically 
interacting in the ways so many other primates do, by social grooming, social play, and 
coalitionary behavior? How might they be benefitting from associating with one another 
without these overt social interactions? 
Orangutans present a unique opportunity to examine both social and non-social 
states to test social hypotheses within a single species. This dissertation explores the 
contexts in which orangutans come together, examining ecological factors (food 
availability) as well as patterns of affiliation, and measures of health (stress and parasites) 
in the orangutan population in Gunung Palung National Park.  
Chapter 2 broadly explores the factors that influence sociality in this wild 
orangutan population. It examines the socioecological prediction that environmental 
fluctuations in fruit availability, influence the occurrence of social events and examines 
whether different age-sex classes show differential tendencies for socializing. I test the 
prediction that adolescent females will be the most social age-sex class due to the 
assumption of female philopatry and its associated benefits for female-female 
associations. Additionally, adolescent females are not fully grown and do not have the 
energetic burden of motherhood (Emery Thompson et al. 2012) that adult females have, 
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lowering the cost of being social for these young females. 
Chapter 3 will take a closer look at the social life of the most social age-sex class. 
Exploring the nature and frequency of adolescent female social associations, along with 
descriptions of the affiliative and agonistic behaviors that take place, this section provides 
insight into what benefits are gained from socializing for an ape that spends so much of 
its time ranging solitarily. Due to the expected benefits of female philopatry and kin 
selection, I expect adolescent females to spend most of their social time with their 
mothers. I also expect most affiliative behaviors to occur between mothers and daughters 
and the most agonistic behaviors to occur outside of those dyads.  
Chapter 4 begins an examination of the potential costs of being social for 
orangutans, with analyses of behavioral markers of anxiety (self-directed behavior) and 
physiological indicators of stress (the hormone cortisol in urine) under social and non-
social conditions. I expect adult females to exhibit the highest levels of stress under social 
conditions because of the costs of motherhood (Emery Thompson 2013). Since females 
that associate are expected to be related (van Noordwijk et al.  2012), I predict measures 
of stress to increase when females associate with males but not when they associate with 
other females.  
Chapter 5 examines patterns of intestinal parasite infection, testing whether 
differences among age-sex classes can be detected based on their differential tendencies 
for socializing. If adolescent females are the most social, and socializing carries the risk 
of parasite transmission, I expect this age-sex class to have higher parasite prevalence 
than others. 
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This dissertation concludes by discussing the implications of my findings for 
understanding orangutan sociality, and the importance of the adolescent period for social 
development. I discuss how the adolescent period may have unique features in 
orangutans due to the combination of their highly dispersed social system combined with 
high levels of sexual coercion. Conservation applications for these findings are also 
considered. 
1.2 General Methods 
I collected data for this dissertation from June 2013-May 2014, focusing on social 
interactions, stress behaviors, mating, fecal collection and analysis for parasites. The 
details of the relevant methodologies will be discussed in their respective chapters. While 
each chapter utilizes a unique dataset and methodology that is specific to the questions 
being addressed, the entirety of this dissertation research, and any archival data that were 
used, was collected from the wild orangutan population in Gunung Palung National Park 
under the umbrella of the long-running Gunung Palung Orangutan Project. As such, a 
description of the study site and the general methods that are relevant to all chapters are 
included here.  
1.2.1 Study Site 
Gunung Palung National Park is located in West Kalimantan, Indonesia on the 
island of Borneo. It is a 108,000-hectare park that includes one of the few remaining 
areas of primary lowland mixed Dipterocarp forest on the island of Borneo. Within the 
park is Cabang Panti Research Station (1130 S, 11070 E), which covers 2,100 hectares 
and contains a system of trails formed from transects. Seven different habitat types have 
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been identified here, including peat swamp, alluvial bench, freshwater swamp, lowland 
sandstone, lowland granite, upland granite, and montane forest (Marshall et al. 2014). 
Logging has taken place periodically within and adjacent to the park since the 1960s 
(Johnson et al. 2005). Although legal logging concessions were closed over 30 years ago 
(Johnson et al. 2005), illegal hand-logging continues today. The interior of the park and 
Cabang Panti Research station remain largely undisturbed (Marshall et al. 2009).  
My advisor, Cheryl Knott, began monitoring the orangutans in Gunung Palung in 
1994 when she began her own dissertation research. The research site was forced to close 
from 2003-2008 due to illegal logging activity in the park, but data collection resumed 
after this period and has been ongoing ever since.  
1.2.2 Study Population 
The orangutans in Gunung Palung are members of the subspecies Pongo 
pygmaeus wurmbii. The age-sex class designations used in this study include adolescent 
females, adult females, unflanged males, and flanged males. Adolescent females are 
defined here as young, nulliparous females that spend over 50% of their time away (more 
than 50 meters) from their mother. Adolescent females are nutritionally independent, are 
smaller than adult females, and spend the majority of their time ranging alone or in the 
company of individuals that are not their mother. 
Females are considered to be adult once they are pregnant for the first time. Adult 
female orangutans almost always have an infant or juvenile offspring that ranges with 
them, sleeps in their nest, and nurses from them. 
Sexually mature male orangutans come in two distinct forms (Utami Atmoko and 
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Van Hooff 2004). Unflanged males are independently ranging, and are not known to 
associate with their mother. They lack the fatty cheek pads and throat sacs that flanged 
males display, and are smaller than flanged males in body size. Unlike flanged males, 
they are unable to produce long calls. Despite lacking in secondary sexual characteristics, 
unflanged males do engage in mating behavior and they sire offspring (Utami Atmoko 
and van Hooff 1994; Utami Atmoko et al. (2009). 
Flanged males are large, at least twice the size of adult females (Leigh and Shea 
1995), and have fleshy cheek pads (flanges), large throat sacs, and produce long-calls. 
They are dominant to unflanged males, though they sometimes tolerate their presence, 
but flanged males are intolerant of one another (Utami Atmoko et al. 2009). 
Infant and juvenile orangutans are those that are still nutritionally dependent on 
their mother and range exclusively with her. Infants and juveniles are generally excluded 
from consideration in this study since their social behavior is dependent on their mother. I 
do include infants and juveniles in a single age-class in Chapter 5, where their parasite 
infection patterns are considered in comparison to the other age-sex classes. 
1.2.3 Behavioral Data Collection by C. Knott’s Team 
As a semi-solitary species, subjects are often encountered alone or in mother-
offspring pairs. Individuals are encountered opportunistically by the research team and 
followed from night-nest to night-nest whenever possible, for up to ten consecutive days. 
During focal follows C. Knott’s field team collects a wealth of behavioral data including 
feeding data, ranging data via GPS, all social interactions, and mating behavior. Social 
associations, or social parties, are defined as any time two independently ranging 
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orangutans (adolescent females, adult females, unflanged or flanged males) come to 
within 50 meters of one another, as is standard for orangutan research (Fox 2002; Knott 
et al. 2008; van Noordwijk et al. 2012). The database from C. Knott’s long-term project 
is utilized for the current study to increase sample sizes wherever the relevant data was 
available to complement the data I collected myself to increase my sample sizes. 
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CHAPTER TWO: FACTORS THAT INFLUENCE THE SOCIALITY OF THE 
ORANGUTANS IN GUNUNG PALUNG NATIONAL PARK 
 
2.1 Introduction 
 
Orangutans are classified as semi-solitary, with individual-based fission-fusion social 
dynamics (van Schaik 1999). The default social unit for orangutans consists of lone 
individuals or mother-dependent offspring dyads. Compared to the African apes, orangutans 
experience greater fluctuations in food availability, experience longer and more severe 
periods of fruit shortage, and live in generally less productive forests overall  (van Schaik and 
Pfannes 2005; Knott 2005). The spatiotemporal distribution of fruit combined with their large 
body size forces orangutans to remain solitary much of the time for energetic reasons 
(Delgado and van Schaik 2000; Galdikas 1988; Mitani 1989; van Schaik 1999; Harrison and 
Chivers 2007). These apes often rely on low quality, indefensible food items, rendering 
grouping for the purpose of resource defense futile for orangutans most of the time. 
Researchers have pointed out that orangutans mainly form foraging aggregations in fruiting 
trees with very large crop sizes, like fig trees, while traveling parties are formed only in times 
of high fruit availability (van Schaik and van Hooff 1996; Sugardjito et al. 1987). Mitani 
(1991) identified the main function of orangutan associations on Borneo to be gathering at 
common resources – food or mates. More recently, van Noordwijk et al. (2012) described 
orangutan social parties occurring largely between related adult females, and that these 
associations often provide play opportunities for young, dependent orangutans. Each of these 
reasons for orangutan groupings are practical and necessary for survival, reproduction, or 
development.  
Details of orangutan associations often give the impression of generalized social 
aversion. Knott et al. (2008) found that most female orangutan dyads encountered each other 
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less often than predicted by chance, suggesting that intentional avoidance might be taking 
place. When orangutans come together there is still minimal interaction. Even when 
orangutans have benign encounters with conspecifics in the wild, grooming is nearly absent 
(van Noordwijk et al. 2009). Their mating behavior is marked by high levels of sexual 
coercion in the form of forced copulations, as females often resist the mating attempts of 
males (Knott 2009). These accounts paint a picture of an ape that prefers not to associate with 
conspecifics, unless it is necessary. 
Orangutans on Borneo are described as even less social than their Sumatran 
counterparts (van Schaik 1999; Mitra Setia et al. 2009).  This has been attributed to the lower 
fruit availability on Borneo compared to Sumatra (van Schaik 1999; Wich et al. 2006; 
Marshall et al. 2009), following the basic principles of the socioecological model. It is 
generally thought that orangutan sociality reflects behavioral phenotypic plasticity, with 
levels of gregariousness changing in response to current food conditions (van Schaik 1999).  
It has been argued, however, that some of the differences in sociality between the two species 
may be an adaptation, rather than a result of plastic responses to local ecologies.  Weingrill et 
al. (2011) found that captive Bornean orangutans had a greater stress response to being 
housed in larger social groups in zoos compared to Sumatran orangutans.  On the other hand, 
Cocks (2007) found no difference in stress levels between captive Sumatran and Bornean 
orangutans based on the occurrence of stereotyped behavior.  
As further evidence of differing sociality between the islands, females on Sumatra 
seem to look to a dominant flanged male for protection from harassment by non-dominant 
unflanged males.  Mitra-Setia and van Schaik (2007) found that regardless of whether a 
female had dependent offspring, they were found to travel towards male long calls. 
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Meanwhile, a preliminary examination of female responses to male long calls at Gunung 
Palung indicates that only females without dependent offspring travel towards long calls, 
while those with dependents travel away, and increase their travel velocity after hearing a 
long call (Knott unpublished data).  
Given these mixed results, the nature of orangutan sociality remains unclear despite 
many years of long-term monitoring. John Mitani’s 14-month study of orangutans in Gunung 
Palung (1991) saw no mating events at all, and characterized the population as less social 
than those at the East Bornean study site, Kutai. Whereas I witnessed 33 mating events over 
the course of 11 months at Gunung Palung from 2013-2014, and saw a surprising level of 
affiliative social interaction. This study will investigate the factors that may account for such 
different impressions of sociality in the same population. 
Gunung Palung National Park is the only remaining lowland rainforest site on 
Borneo, while other sites are composed largely of secondary forests (Husson et al. 2009), 
making it an ideal site for examining questions about the selective pressures that shape 
orangutan social behavior. The objective of this chapter is to assess the factors that influence 
the sociality of the Gunung Palung orangutan population by examining broad patterns in 
orangutan social associations.  
Following the framework provided by the socioecological model, I hypothesize 
that access to energy influences sociality (Wrangham 1980), and predict that there will be 
a positive association between mature and ripe fruit availability and the occurrence of 
social events. With no offspring, adolescent females are less energetically constrained 
than parous females (Emery Thompson 2013). With lower energetic requirements 
compared to larger individuals and lactating females, adolescent females should 
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experience lower feeding competition and be more likely, then, to socialize. Adolescent 
females are also expected to benefit from opportunities to associate with more 
experienced adults (van Noordwijk et al. 2009; Watts and Pusey 2002). Thus, adolescent 
females are predicted to be more social than other age-sex classes, as has been found in 
studies from other sites on Borneo (Galdikas 1995; Carne et al. 2013). I expect that 
adolescent females will spend the largest proportion of their social time with adult 
females, largely their own mothers since they are familiar, and adult females should be 
motivated to tolerate their own daughter.  I expect the next largest proportion of 
adolescent female social time to be spent with other adolescent females since they, too, 
should be related, albeit more distantly. I predict unflanged males will be more social 
than flanged males, given their smaller body size and associated lower cost of locomotion 
and lower metabolic needs (Rodman 1984). I expect that males of both classes, flanged 
and unflanged, spend most of their social time with adult females to increase their 
chances of mating directly, or indirectly by establishing familiarity with potential mates. 
2.2 Methods 
 
2.2.1 Study Period 
Data were collected from 2008-2016 as a regular part of long-term behavioral 
data collection by C. Knott’s field team. Where food availability is considered, data is 
from 2008-2015, as the phenology data was not yet available for 2016. 
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2.2.2 Study Subjects 
From 2008-2016, 31 adolescent females (18 of which were not positively 
identified), 58 adult females (31 of those not positively identified), 24 unflanged males 
(11 of those unidentified), and 18 flanged males (5 unidentified) were followed. 
2.2.3 Behavioral Data 
Day-long focal follows were carried out from night-nest to night-nest whenever 
possible. The duration of associations was recorded by noting the time at initiation 
(coming within 50 meters of a conspecific) and the time of termination (moving 50 
meters or more away from a conspecific). 
2.2.4 Phenology 
Fruit, flower, and leaf availability is assessed each month by A. Marshall and his 
research team in collaboration with C. Knott for her long-term orangutan project. Within 
70 plots (20 m x 50m) and belts (100m x 10m), observers monitored the reproductive 
status of the trees using binoculars to record the presence of buds, flowers, immature 
fruit, mature fruit, ripe fruit, and young and mature leaves on each fruit plant (5,096 
stems monitored). The crop size – the total number of fruits per tree - was also estimated 
by counting the number of fruits in a sub-sample of the tree, extrapolating the total 
number of fruits in the tree based on the size of the subsample, and assigning the value to 
a category of approximate exponential scale (Knott 1999; Marshall et al. 
2009).  Immature fruits are those that are not yet full size. Mature fruits are full sized, but 
have not achieved ripe coloration or texture. Ripe fruits are full-sized, and show species-
specific coloration and softness (Leighton 1993; Knott 1999). The measure of food 
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availability used here was mean kilocalories of mature and ripe fruit available per hectare 
per month. Mature and ripe fruit availability was calculated by dividing the number of 
trees from the top 25 most commonly eaten orangutan foods with mature or ripe fruits 
compared to the total monthly number of trees monitored. Using nutritional analyses of 
orangutan fruits performed previously (Knott 1998), the kilocalories available per month 
was calculated using established methods (Knott 2005) See Appendix One for method of 
calculating Kcal available per food item.  
2.2.5 Data Analysis 
 Percent time social was calculated by adding the minutes a focal orangutan spent 
within 50 meters of at least one independently ranging conspecific (an adolescent or an 
adult) over the study period and dividing it by the total number of awake observation 
minutes (time spent outside of the night nest) of that focal animal. The variable ‘Social 
Yes or No’ was determined by indicating whether a focal follow contained any social 
encounter – deeming the follow ‘social’ – or if the focal spent the entire follow alone – 
deeming the follow ‘non-social.’ If there were multiple focal follows on a given day, I 
used only the first follow recorded for that day. It is common practice that the research 
team initiates a focal follow on an individual that comes into party with a focal orangutan 
that they are already following, so to ensure independence of observations of social 
events, I used only a single follow from each day. Only full-day focal follows (from 
night-nest to night-nest) were used when analyzing social versus non-social follows 
(n=791). I also excluded infant and juvenile focal follows because their social and 
ranging behavior are dependent on their mother.  
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Using generalized linear mixed models (GLMMs) in SPSS for data from 2008-
2015, I ran a binary logistic regression (A GLMM using a binomial probability 
distribution with a logit link function)	to predict whether a follow contained a social 
event (at least one independently ranging conspecific was within 50 meters of the focal 
for any length of time) or was non-social (no encounters with conspecifics within 50 
meters). Total kilocalories of mean mature and ripe fruit of the top 25 orangutan foods 
available per hectare and age-sex of the focal were used as fixed effects, while the 
individual ID of the focal was used as a random effect in the model. 
2.3 Results 
2.3.1 Overview of Orangutan Sociality at Gunung Palung 
From 2008 until 2015, 296 out of 791 focal follows (non-infant or juvenile) 
contained at least one social event, making 37% of follows ‘social.’ Focal orangutans 
were followed for a total of 519,295 minutes during this period, and spent 118,157 of 
those minutes being social (within 50 meters of at least one other independently ranging 
orangutan), making 23% of orangutan active time social.  
 When the raw data for social versus non-social time for each of the age-sex 
classes are considered, unflanged males spent the largest proportion of their focal follow 
time social, spending 30% of their awake observation minutes with at least one other 
independently ranging orangutan. Unflanged males had at least one social encounter on 
10 of their 27 focal days (37%). Adolescent females had a social encounter on 81 of their 
173 follows (47%) and spent 23% of their observation time social. Adult females, had 
social encounters on 172 out of 463 focal follows (37%), spending 24% of their awake 
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observation time social. Finally, flanged males had a social encounter on 33 of their 128 
follow days (26%), and spent 16% of their time social. See Table 2.3.1a to compare age-
sex classes. 
Table 2.3.1a Minutes and days spent social 2008-2015, using only one follow per day, 
and only full day follows. 
 Adolescent 
Female 
Adult Female Flanged Male Unflanged 
Male 
Minutes 
observed  
118970 299613 82825 17888 
Minutes social 26874 72777 13182 5324 
% Time Social 23% 24% 16% 30% 
# Days followed 173 463 128 27 
# Days social 81 172 33 10 
% Days social 47% 37% 26% 37% 
 
Since I expect fruit availability to influence sociality and the age-sex classes 
displayed different rates of social follows, I examined the effect of both fruit availability 
and age-sex simultaneously. There was no significant effect of the interaction between 
age-sex of focal and fruit availability (p=0.469), so the interaction was excluded from the 
model. Both fruit availability and age-sex of focal contributed significantly to the model, 
predicting social versus non-social follows (β=1.130, F=10.223, p=0.001 for Kcal 
available, and (β=0.095, F=3.742, p<0.011 for age-sex class). Adolescent females were 
the most likely to have a social encounter during their focal follows, and were 
significantly more likely to have a social encounter compared to adult females in pairwise 
comparisons (60% chance of a social encounter compared to 38% for adult females 
[t(786)=3.376, p=0.001]. The difference in likelihood of a social encounter during focal 
follows of adolescent females and flanged or unflanged males was not significant in 
pairwise comparisons, given the high degree of variance in the predicted value for males. 
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See Figure 2.3.1b and Table 2.3.1b and Table 2.3.1c for a summary of these results. 
 
 
Table 2.3.1b GLMM results predicting social or non-social follows based on the 
effect of kilocalories available and the age-sex of the focal. Significant effects are in 
bold. 
 F df1 df2 P 
Corrected Model 6.039 4 786 0.000 
Kilocalories available 10.223 1 786 0.001 
Focal age-sex 3.742 3 786 0.011 
 
 
Table 2.3.1c Pairwise contrasts between focal age-sex classes in the probability of a 
social event taking place during a focal follow. Significant contrasts are in bold. 
Pairwise 
Contrast 
Contrast 
Estimate 
Std. 
Error 
T df Adj. 
Sig. 
Lower 
CI 
(95%) 
Upper 
CI 
(95%) 
Adolescent 
Female-
Adult 
Female 
0.222 0.066 3.376 786 0.001 0.093 0.351 
Adolescent 
Female-
Flanged 
Male 
0.233 0.120 1.943 786 0.052 -0.002 0.468 
Adolescent 
Female-
Unflanged 
Male 
0.217 0.144 1.512 786 0.131 -0.065 0.499 
Adult 
Female-
Flanged 
Male 
0.011 0.110 0.096 786 0.923 -0.205 0.226 
Adult 
Female-
Unflanged 
Male 
-0.005 0.136 -0.036 786 0.972 -0.271 0.261 
Flanged 
Male-
Unflanged 
Male 
-0.015 0.160 -0.096 786 0.923 -0.330 0.300 
 
		
20 
 
 
Fi
gu
re
 2
.3
.1
a.
 A
 v
isu
al
iz
at
io
n 
of
 h
ow
 h
ig
h 
an
d 
lo
w
 p
oi
nt
s i
n 
av
ai
la
bi
lit
y 
of
 fr
ui
t 
va
ry
 w
ith
 h
ig
h 
an
d 
lo
w
 p
oi
nt
s i
n 
or
an
gu
ta
n 
fo
llo
w
 ti
m
e 
sp
en
t s
oc
ia
l. 
 
	
		
21 
 
Figure 2.3.1b Mean predicted probability of a focal follow having a social encounter 
2008-2015, showing that adolescent females are significantly more likely to have a 
social encounter during their focal follows than each of the other age-sex classes.  
 
2.3.2 Distribution of Social Time Across Different Age-Sex Classes 
 
 Adolescent females spent the largest proportion of their social time with adult 
females (52%), then unflanged males (34%), other adolescent females (20%), and flanged 
males (10%). Adult females are the most common social partners for each age-sex class, 
aside from adult female focals who socialize most with adolescent females (see Table 
2.3.2a and Figure 2.3.2a). Adult females spent the largest proportion of their social time 
with adolescent females (39%), then unflanged males (35%), flanged males (23%), and 
other adult females (15%). Flanged males spent 85% of their social time with adult 
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females, 22% with adolescent females, 3% with unflanged males, and 0.2% with other 
flanged males. Finally, unflanged males spent the majority of their social time with adult 
females (76%), then adolescent females (31%), 3% with other unflanged males, and 1% 
with flanged males. These results are shown in Figure 2.3.2a and Table 2.3.2a. 
 
 
Figure 2.3.2a. Comparison of the focal age-sex classes in terms of their percentage of 
total social time spent in the company of at least one member of each of the other 
age-sex classes. Note that the total for each focal age-sex class is over 100% because 
of many instances where a focal is in party with members of multiple age-sex classes 
at one time. In order to give the most accurate picture of how social time is spent, 
these values were calculated using all focal follows from 2008-2015, rather than the 
conservative dataset that excludes multiple follows per day and non-full day follows. 
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Table 2.3.2a. Comparison of the focal age-sex classes in terms of their percentage of 
total social time spent in the company of at least one member of each of the other 
age-sex classes.  
 
Focal 
Age-Sex 
% Time w/ 
Adolescent 
Females 
% Time w/ 
Adult Females 
% Time w/ 
Flanged Males 
% Time w/ 
Unflanged 
Males 
Adolescen
t Female 19.8 52.3 9.5 34.2 
Adult 
Female 39.2 15.0 22.8 35.5 
Flanged 
Male 21.7 84.6 0.2 4.5 
Unflanged 
Male 30.7 76.1 1.1 2.7 
 
* Note that the total for each focal age-sex class is over 100% because of many 
instances where a focal is in party with members of multiple age-sex classes at one 
time. In order to give the most accurate picture of how social time is spent, these 
values were calculated using all focal follows form 2008-2015, rather than the 
conservative dataset that excludes multiple follows per day and non-full day follows. 
 
 
2.4 Discussion 
 
These findings show that orangutan sociality is plastic, responding to changes in 
the temporal availability of fruit, and also changing over the life span. These results 
support the socioecological prediction that food availability influences sociality, within a 
single primate population. The likelihood of a social event increased with food 
availability during this study period. Age-sex class of the focal orangutan also influenced 
sociality. When I examined the raw values for proportion of social follows and proportion 
of time social across different age-sex classes, unflanged males appear to be the most 
social age-sex class. However, when age-sex class of the focal is considered as a variable 
in a binary logistic model along with fruit availability to predict the occurrence of social 
follows, it is adolescent females that are the most likely to have a social event during 
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their follow days. Adolescent females, therefore, were the most social age-sex class when 
fruit availability was controlled for. As predicted, adolescent females appear to be less 
constrained by the fruiting conditions in the forest compared to other age-sex classes. It is 
worth noting that the sample size for unflanged males was rather small in the 
conservative dataset used here. Additional analyses using a much larger sample size that 
included non-full day follows revealed similar results, with adolescent females being 
significantly more likely to have a social follow than each of the other age-sex classes. 
Those results were not reported for this study since I cannot be sure whether an 
individual may have had a social interaction if observers were not present for all of their 
waking minutes.  
Given these findings, studying an orangutan population during a low fruit period 
would present fewer social events to observers. Additionally, focusing observation efforts 
on flanged males, for example, would give the impression of especially low sociality in 
orangutans. Mitani’s study at Gunung Palung (1991) found the orangutan population to 
be rather unsocial, and completely devoid of mating over 14 months of observation, 
while those at the eastern Bornean site, Kutai, were much more social. Mitani 
acknowledged that the lower degree of sociality at Gungung Palung was likely related to 
the lack of sexually active females, as all those he observed had clinging infants. 
However, a previous study by Rodman (1973) at Kutai described the orangutans there as 
very unsocial – with less than 2% of observation time over 15 months spent social. 
Mitani speculated that the discrepancy in social tendencies between Kutai in East Borneo 
and Gunung Palung in West Borneo during his study could have been due to a temporally 
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variable factor, rather than true differences in social tendencies between populations. The 
author did not specify what those temporally variable factors might be, however. Mitani’s 
study did not consider food availability and also excluded adolescent females from 
consideration. Our findings support the idea that temporal variation in fruit availability 
combined with a lack of adolescent female follows likely accounted for the apparent 
dearth of social behavior at Gunung Palung during Mitani’s study. This highlights the 
importance of long-term monitoring of these highly dispersed, slowly developing, long-
lived apes for gaining a full and accurate picture of their behavior and the ecological 
factors that influence it. 
It has been shown that orangutans tend to come together at large fruiting trees 
(van Schaik and van Hooff 1996; Sugardjito et al. 1987), with the implication that they 
were being social only because they were attracted to a common food source. While this 
may be true in times of lower fruit availability, during periods of widespread fruit 
production, orangutans should not need to go to the same areas or the same trees as 
conspecifics if many trees are fruiting throughout the forest. The fruit availability 
estimates used in this study are for the mean mature and ripe fruit available across the 
entire study site. With eight different habitat types within the site, there may very well be 
unbalanced fruiting – one habitat type may have very high fruit production one month 
while the rest of the study area has very low fruit production. High productivity in one 
area may produce a high overall fruit availability value for the entire study site. In this 
case it could be that a single highly productive area may be attracting orangutans to feed 
there because other areas are devoid of fruit. Mapping fruit production in conjunction 
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with ranging and social behavior throughout the different habitat types using GIS 
analyses will be telling for future studies to determine what motivates orangutan social 
events – feeding opportunities or social opportunities. Are they being forced to feed in 
small areas or rare fruiting trees, and therefore encountering one another, rather than 
seeking social associations when they are not energetically or nutritionally limited? This 
future work will need to carefully avoid sampling bias in certain habitat types over 
others. For example, some swamp areas present more travel difficulties for human 
observers due to distance from the research camp and difficulty of the terrain. Another 
way to address the issue of variation in food availability across different habitat types 
would be to instead estimate the kilocalories consumed by each focal each day when this 
data becomes available. Fruit availability is used as a proxy for food intake, making the 
assumption that when there is more fruit available in the habitat, the animals under 
investigation are eating those fruits that were measured. Recording the plant species, 
plant part, and amount eaten throughout a day in combination with nutritional analysis of 
a wide array of orangutan foods allows for the estimation of kilocalories consumed. This 
measure has not been calculated for all focal follow days, but future analyses will employ 
this method to get a more accurate assessment of energy intake to assess socioecological 
predictions. 
 Our results revealed adult females to be the most popular class of social partner 
for all other age-sex classes. Adult males, both flanged and unflanged, have reproductive 
motivations for spending time with adult females. Socializing with adult females provides 
them with the opportunity to mate, either directly or in the future by establishing a 
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rapport with that female. Adolescent females spend a large proportion of their social time 
with adult females that are, in many cases, their own mothers (see Chapter 3 for further 
discussion of mother-daughter relationships). Despite achieving ranging independence – 
which I define as spending over half of their time away from their mother – they do visit 
their mothers frequently, following her and often playing with their younger sibling. This 
finding supports the hypothesis that this orangutan population displays female philopatry, 
as female bonded species are expected to preferentially associate with female kin 
(Wrangham 1980; Isbell and Young 2002).  
Adolescent females do not associate exclusively with their own mothers, 
however, as they are also observed following other adult females. As I will detail further 
in Chapter 3, adolescent females may gain important opportunities to learn and establish 
relationships with females that they will encounter as they establish their own home 
range by seeking and maintaining associations with adult females. 
 Contrary to my prediction, adolescent females spent the second largest proportion 
of their social time with unflanged males, rather than other adolescent females. Without 
genetic data, it is not clear how distantly related the individual adolescent females in this 
cohort might be. Perhaps the benefits of associating with more distantly related females 
are weaker than those of associating with unflanged males. Based on these findings 
alone, it is not clear what benefits might be gained by adolescent females in associating 
with unflanged males. In the following chapter, I will explore the details of adolescent 
female social associations to determine whether they seek the company of unflanged 
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males or vice versa, and whether associations are affiliative or agonistic, to shed light on 
the social benefits of spending time with unflanged males versus other conspecifics. 
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CHAPTER THREE: THE BENEFITS OF SOCIALITY: ADOLESCENCE AS A 
PERIOD OF SOCIAL AND SEXUAL DEVELOPMENT FOR FEMALE 
ORANGUTANS 
 
 
3.1 Introduction 
 
In an effort to understand orangutan sociality more broadly, and what benefits 
might be reaped from socializing for a semi-solitary ape, I explore the details of the social 
lives of the most gregarious orangutan age-sex class — adolescent females. As 
demonstrated in Chapter 2, independently ranging, young, nulliparous female orangutans 
(referred to as adolescents here) are the most social age-sex class in Gunung Palung 
National Park. Adolescent females spent 50% of their focal follow days with at least one 
social association from 1994-2016, and 31% of their focal follow time with at least one 
other independently ranging individual (Chapter 2). Galdikas’s studies at Tanjung Puting, 
a research site that is also on the island of Borneo, have also shown that adolescent 
females are more social than the other age-sex classes (Galdikas 1985a, 1995). Carne et 
al. (2013) identified nulliparous, sexually active females as especially social in the 
orangutan population at Sabangau on Borneo. These findings support the idea that this 
demographic is particularly social throughout the species.  
Primates have long periods of development relative to most other mammals 
(Harvey and Clutton-Brock 1985). Extended juvenile phases are thought to have evolved 
for various reasons including, ecological risk aversion (Janson and Van Schaik 2002), 
time for social learning of complex ranging and foraging strategies (van Noordwijk and 
van Schaik 2005), and gaining social skills to navigate a nuanced social landscape (Joffe 
1997). The specific definition of adolescence, the period after the juvenile phase but 
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before adulthood, can vary by species or the research questions being asked, but is 
typically marked by the onset of puberty and culminates with the achievement of 
reproduction (Watts and Pusey 2002). This period involves changes in hormones, body 
growth, new social relationships, emerging sexuality, and often dispersal from natal 
groups, and can therefore be characterized as a period of uncertainty and instability. 
Barry Bogin has argued that adolescence is peculiar to our species (1994). His argument 
rests largely on the fact that humans experience a more dramatic period of skeletal 
growth after puberty– the adolescent growth spurt – compared to other apes. While the 
percentage of adult body size achieved during puberty may be variable between species, 
other primates also experience a period of rapid morphological, physiological and 
behavioral changes after the onset of puberty that make the period before first 
reproduction one that is clearly distinct from both the juvenile and adult phases (Setchell 
and Lee 2004). 
Orangutans have the slowest life history of the great apes (Wich et al. 2009) with 
remarkably long periods of development. Young orangutans nurse from their mothers for 
five to seven years before weaning, and achieve ranging independence around the time 
their mother gives birth to a new baby when they are 6-9 years old (van Noordwijk et al. 
2009). They will continue to visit their mothers often, especially in early adolescence, but 
also spend significant time alone and in association with others (van Noordwijk et al. 
2009; van Noordwijk et al. 2012). There is behavioral and genetic evidence to support the 
hypothesis that orangutans are female philopatric with male-biased dispersal (Nietlisbach 
et al. 2012; Knott et al. 2008; Arora et al. 2012; van Noordwijk et al. 2012) as would be 
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predicted for non-gregarious primates  (Kappeler et al. 2002). Adolescent females 
establish a home range that overlaps with that of their mother and they continue to 
associate periodically even after a daughter has given birth to her own offspring (van 
Noordwijk et al. 2012). What differs for orangutans compared to other more gregarious 
female philopatric primates, however, is more dramatic physical separation from their 
mothers. Group-living female philopatric species remain within sight of and/or earshot of 
their mother and other related females the vast majority of the time. In contrast, 
adolescent female orangutans are spending the majority of their time far enough away 
from their mother that she is undetectable to human observers. Adolescent female 
orangutans, then, must develop relationships with conspecifics without the support of 
constant familial companions. Female home ranges overlap extensively (Knott et al. 
2008), so adolescents will inevitably encounter individuals besides their mother and must 
somehow navigate those encounters on their own. Around the age of 15 female 
orangutans reproduce for the first time (Wich et al. 2009; Knott 2001), marking their 
entrance into adulthood. With a vulnerable baby to care for in an environment that is 
unpredictable in terms of food availability (Marshall et al. 2009), and has the capacity to 
be deadly (Marzec et al. 2016), they must achieve ranging, foraging, and social 
competence by this time, which makes the adolescent period critical for survival.  
For this study, I consider ranging independence to mark the beginning of 
adolescence, which ends when a female is pregnant with her first baby. With the goal of 
understanding the benefits of socializing for a semi-solitary ape, I detail the nature of 
adolescent female orangutan associations with each of the age-sex classes, describing a) 
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the amount of time they spend in association with each, b) who is typically responsible 
for maintaining proximity — adolescent females or members of other age-sex classes, 
and c) affiliative and agonistic interactions.   
While genetic data are not available for the current study, I aim to gain insight 
into how kinship might influence sociality in Gunung Palung by looking at known 
mother-adolescent daughter dyads. I expect adolescent females to spend most of their 
social time with their mother since she is the natal social unit of the adolescent. One of 
the benefits of female philopatry is the presence of related females from whom inclusive 
fitness benefits may be gained through overt or subtle cooperation, protection, or 
competitive exclusion of others from feeding areas (Wrangham 1980). If an adult female 
were to tolerate a conspecific in her feeding area, it would be her adolescent daughter 
since she is relatively small and less of a competitor, and because she is kin. Since the 
long development of primates serves to allow developing individuals to gain the foraging 
and social skills necessary to be successful adults (Watts and Pusey 1993), I predict that 
adolescent females will be responsible for seeking social opportunities and will be the 
initiators of social associations with adult females. I also expect that adolescent females 
will be responsible for maintaining proximity with adult females once in association since 
it is in their interest to observe the behavior of adults. I predict that the majority of 
affiliative behaviors observed will occur between mothers and daughters, as evidence of 
important social bonds that are expected of a female philopatric species. I expect that the 
highest proportion of agonistic interactions will occur outside of mother-daughter dyads. 
Unrelated or distantly related females are potential competitors for high quality food 
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(Wrangham 1980) and may be hostile to newly independent females infringing on their 
range.  
I expect adolescent female associations with unflanged males to be more frequent 
than those with flanged males because unflanged males pose less feeding competition 
than flanged males owing to the smaller body size and lower caloric needs of unflanged 
males (Maggioncalda et al. 2002). I expect that adolescent female associations with all 
males will be initiated and maintained by adolescent females who should begin showing 
interest in mating but will likely be met with disinterest by males as is reported in other 
species (Muller et al. 2006; Anderson 1986; Scott 1984; Smuts 1985) and observed in 
capuchin monkeys (personal observation), attributed to adolescent subfecundity and 
preference for older, more experienced females (Scott 1984; Muller et al. 2006). 
A key social development later in the adolescent period for female orangutans is 
the onset of reproductive behavior. Thus, I also provide an account of the unique sexual 
behavioral repertoire between adolescent females and flanged males during late 
adolescence. Orangutan mating behavior is striking because it involves a high degree of 
mating resistance by females and forced copulation by males (Fox 2002; Knott et al. 
2009; Knott 2010). I predict that adolescent female mating events are more proceptive 
and cooperative than those of adult females in order to overcome the male ambivalence 
toward adolescent females commonly seen in primates (Muller et al. 2006; Anderson 
1986; Scott 1984; Smuts 19985).  
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3.2 Methods 
3.2.1 Study Period 
Detailed social behavioral data — including approaches and leaves and the 
occurrence and nature of all interactions — were collected from July 2013-July 2014 by 
C. O’Connell. More general social data, including the rate of social parties and time spent 
in association between different age-sex classes, was collected from 2008-2016 as a 
regular part of long-term data collection by C. Knott’s field team. 
3.2.2 Study Subjects 
During the 2013-2014 study period, 33 unique individuals were sampled; 8 
adolescent females, 12 adult females, 7 flanged males, and 6 unflanged males had 
detailed behavioral data recorded. From 2008-2016, 31 adolescent females (18 of which 
were unidentified), 58 adult females (31 of those unidentified), 24 unflanged males (11 of 
those unidentified), and 18 flanged males (5 unidentified) were followed. I observed four 
known mother-adolescent daughter dyads over the 2013-2014 study period; Beth-Betsy, 
Delly-Dagul, Dewi-Dinda, and Asny-Aminah. Adolescent female, Walimah, does not 
have a living mother – she died sometime between 2004-2008, when Walimah was a 
young adolescent (between 6 and 9 years old). Adolescent female, Wadi, did not have a 
suspected mother in the study area, as she was never observed in association with any 
adult female that was not known to be the mother of another known adolescent. With 
extremely long interbirth intervals in orangutans of about 7-9 years (Knott 2005), it can 
reasonably be assumed that Wadi is not the sister of another adolescent female.  
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3.2.3 Behavioral Data 
During social associations, all approaches (one individual reducing the distance 
between themselves and another individual), leaves (one individual increasing the 
distance between themselves and another individual) were noted, recording the actor, the 
recipient of the action, and the new distance between the individuals in meters. Whenever 
possible, it was noted who was responsible for initiating the association (approaching 
within 50 meters) and who was responsible for terminating the association (leaving to a 
distance of more than 50 meters from another individual). All affiliative behaviors were 
recorded including friendly touch, friendly inspect, rest in contact, food interest, tolerated 
food theft, nest share, social grooming, and social play, noting the identity of the 
individual that performed the action and the identity of the individual receiving the 
action. All instances of agonistic behaviors were also recorded, including aggressive 
approach, chase, swat, hit, bite, and lunge, noting the identity of the individual that 
performed the action and the identity of the individual receiving the action. See Table 
3.2.4a for operational definitions of each behavior. 
Table 3.2.4a. Operational definitions for affiliative and agonistic behaviors. 
Behavior Operational Definition 
Friendly touch Orangutan A touches orangutan B with their hand in a non-aggressive way 
Rest in contact Individuals sit or lay with some part of their bodies in physical contact 
Food interest Orangutan A closely watches/inspects the food/mouth/hand  
of orangutan B who is eating 
Friendly inspect Orangutan A sniffs or closely examines orangutan B within 1 meter of them 
Tolerated food theft Orangutan A takes food from the hand or mouth of orangutan B and 
orangutan B allows this to occur without protest 
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Whenever sexual interactions took place, detailed notes were taken to record the 
initiation, termination, type of behavior, and duration of behaviors, along with the 
identity of the individual responsible for performing the actions and the individual that 
received the actions. Mating scores were determined for each sexual interaction by 
adding up the proceptivity values for each behavior performed during the interaction, 
producing a value that represented the degree to which the female was proceptive (10) or 
resistant (1). This method differs slightly from pervious methods for evaluating mating 
events a Gunung Palung, as detailed in Knott et al. (2010). While the same ethogram of 
mating behaviors is used here (see Table 3.2.4b for the list of sexual behaviors), I 
excluded vocalizations from my calculations because they were found to be difficult to 
Nest share Orangutan A climbs into a nest that orangutan B is already occupying 
Social groom Orangutan A combs through the hair or picks at/strokes the skin of orangutan 
B while visually inspecting the area on orangutan B 
Social play Non-aggressive pushing, pulling, hitting, biting, swinging, wrestling 
Aggressive chase Orangutan A quickly approaches/runs at orangutan B and orangutan B runs 
away 
Hit Orangutan A aggressively swings their hand/arm at orangutan B and makes 
contact with orangutan B’s body 
Bite Orangutan A aggressively make contact with orangutan B’s body using their 
mouth/teeth 
Swat Orangutan A swings arm/hand toward orangutan B in an aggressive manner 
but does not make contact with orangutan B’s body 
Lunge Orangutan A abruptly, quickly, aggressively moves their body toward 
orangutan B and abruptly stops, as to startle orangutan B into moving away 
from orangutan A 
Avoid Orangutan B moves away from orangutan A in response to orangutan A’s 
movement toward them 
Displace Orangutan A approaches orangutan B, orangutan B avoids them, and 
orangutan A replaces orangutan B in the spot they had just occupied – usually 
a food source 
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categorize in the field. Therefore, for improved inter-observer reliability, any 
vocalizations recorded were not included in the calculation of mating score. Table 3.2.4c 
displays for the method of assigning overall mating scores. 
Table 3.2.4b. List of mating behaviors separated into one of three categories – 
receptive, proceptive, and resistant. 
Receptive Behaviors Proceptive Behaviors Resistant Behaviors 
Female and male side 
by side 
Female approaches male Female afraid 
Female and male 
sitting face to face 
Female helps with intromission Female angry 
Female and male enter 
nest together 
Female touches male genitalia 
with mouth 
Female vocalizes against 
male approach 
Female not angry 
towards male 
Female licks penis Female lork 
Female cooperative as 
mating begins 
Female puts penis in mouth Female makes small noise 
Female stop struggling 
after mating begins 
Female spreads male legs Female distress 
vocalization 
 Female sits on top of male Female runs away from 
male 
 Female pulls on male leg in 
solicitation 
Female tried to pull away 
from male 
 Female pulls on male arm in 
solicitation 
Female struggles against 
male 
 Female performs pelvic thrusts Female aggressive towards 
male before mating 
 Female lays down on top of 
male 
Female aggressive toward 
male during mating 
 Female displays genitals to male Female urinates 
 Female rubs genitals on male Female afraid 
 Female examines male genitals 
visually 
Female screams 
 Female smells male genitals Female grumble 
 Female touches male genitals 
with hand 
Female grumpf 
 Female positions herself under 
male 
 
 Female puts her genitals against 
male genitals 
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Table 3.2.4c. Mating scores based on the combination of observed behaviors within 
a mating event. 
Score Observed Behaviors 
1 All resistant 
2 All resistant + 1-2 receptive behaviors 
3 All receptive + 2-3 resistant behaviors 
4 All receptive + 1 resistant behavior 
5 All receptive, no proceptive, no resistant 
6 All receptive + 1 proceptive 
7 All receptive plus 2-3 proceptive 
8 All receptive + 4 proceptive 
9 All proceptive + 1-2 receptive 
10 All proceptive 
 
3.2.4 Data Analysis 
 Overall association rates per each age-sex class were determined by summing the 
number of days a member of a given age-sex class was followed as a focal and dividing it 
by the total number of days that a member of that focal age-class was observed in a social 
association. Percent of time in association was determined by summing the total minutes 
of active focal observation time (the orangutan was not in the night nest) of a given age-
sex class and dividing it by the total number of minutes that age-sex class spent in a 
social party. 
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 Responsibility for proximity maintenance was determined by calculating the 
Hinde Index (Hinde 1977) for each social dyad. This value is calculated for individual x 
and individual y by subtracting the percentage of leaves performed by individual x from 
the percentage of approaches performed by individual x (%Ax-%Lx). For consistency, the 
adolescent female was always considered individual x in this study. Positive values 
indicate that individual x (the adolescent female) held greater responsibility for 
maintaining proximity, while negative values indicate that the social partner was more 
responsible for maintaining proximity to the adolescent female. The further the value is 
from 0, the greater the tendency of individual x or y to be performing approaches, while 
values closer to 0 represent more mutual responsibility for proximity maintenance. I also 
summed the total number of approaches and total number of leaves performed by each 
age-sex class to establish average rates of approaches and leaves. 
Generalized linear mixed models were used to determine differences between 
age-sex classes in proximity maintenance, with percent of approaches performed by the 
adolescent female as the target variable and age-sex of the social partner (adult female, 
flanged male, unflanged male) as the fixed effect. Ordinal mixed effects regression was 
used to predict mating scores. Female age-sex class (adolescent or adult), mating 
duration, and male type (flanged or unflanged) were used as fixed effects, with female ID 
as a random effect, and mating score as the target. All statistical tests were performed in 
SPSS 23. 
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3.3 Results 
 
3.3.1 Overall Adolescent Female Sociality — Association rates and proximity 
maintenance 
As reported in Chapter 2, adolescent female orangutans had a social association in 
50% of their focal follows from 1994-2016. They spent 31% of their focal observation 
time in a social party. 
Adolescent females were responsible for over 50% of approaches in 34 out of 67 
(50%) social follows from 2013-2014. The percentage of approaches performed by 
adolescent females is significantly predicted by the age-sex class of their social partners 
(β=0.141, F=4.086, p<0.05). Adolescent females are responsible for significantly more 
approaches when in association with adult females, compared to when they are in 
association with flanged males (t(57)=2.817, p<0.01, see Table 3.3.1a).  
Table 3.3.1a. Results of a generalized linear model predicted the percentage of 
approaches performed by adolescent females based on the age-sex of her social 
partner. 
Age-Sex 
of Social 
Partner 
Pairwise 
Contrasts 
Contrast 
Estimate 
Standard 
Error 
t df P Lower 
95% CI 
Upper 
95% CI 
Adult 
Female-
Flanged 
Male 
0.236 0.084 2.817 57 0.007 0.068 0.403 
Adult 
Female-
Unflanged 
Male 
0.141 0.088 1.599 57 0.115 -0.036 0.317 
 
 
The difference in the proportion of approaches by adolescent females is not 
significantly different between adult female and unflanged male associations (p=0.115), 
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although it is higher in adolescent female-adult female associations than in adolescent 
female-unflanged male associations (mean of 70% compared to a mean of 56%, 
respectively – see Figure 3.3.1 and Table 3.3.1b). When the Hinde Index is used as the 
target variable instead of percent approaches by adolescent females, the model loses 
predictive power and no effects are significant. See Discussion for an explanation of why 
the Hinde Index may not be an appropriate measure for orangutan social events. 
 
 
Figure 3.3.1. Predicted mean percentage of approaches performed by adolescent 
females when in association with each of the other age-sex classes. 
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Table 3.3.1b. Predicted mean percentage of approaches performed by adolescent 
females when in social association with adult females, flanged males, and unflanged 
males. 
Age-Sex of Social 
Partner Mean % of Approaches by Adolescent Female 
Adult Female 0.6985 
Flanged Male 0.4629 
Unflanged Male 0.5578 
 
3.3.2 Adolescent Female-Adult Female Associations 
3.3.2.1 Adolescent female-adult female association rates and proximity maintenance 
During the period from 2008-2016, adolescent females associated with at least 
one adult female on 87 of their 386 follow days, or 22.5% of their follow days.  They 
spent 25,044 minutes of their 200,831 (12.5%) awake observation minutes with at least 
one adult female. Adolescent females spent 50,526 minutes with at least one other 
independently ranging orangutan, so 49.6% of their social time was spent with at least 
one adult female (Figure 3.3.2a).  
Using data from 2013-2014 and based on the Hinde Index for proximity 
maintenance during associations within 50 meters or less with an adult female, adolescent 
females were responsible for maintaining the social party, with an average index of 0.12. 
Adolescent females were responsible for 69% of all approaches between adolescent and 
adult females, and 66% of all leaves (Figure 3.3.2b). Of all associations within 50 meters 
between adolescent and adult females, for which the identity of the individual responsible 
could be identified (the party began while observers were present), 81% were initiated by 
adolescent females (n=16) and 76% were terminated by them (n=13) (Figure 3.3.2b).  
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Figure 3.3.2a. The percent of total social time that focal adolescent females spent            
in association with at least one member of each age-sex class.
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3.3.2.2 Adolescent Female-Adult Female Affiliation and Agonism 
While adolescent females seek and maintain associations with adult females, there 
is very little affiliative interaction between adolescent and adult females when they are in 
a social party. On one single occasion, adolescent female Dinda approached her mother, 
Dewi, until she was in physical contact with her and they simply sat with their arms 
touching briefly. Shortly thereafter, Dinda placed her face near Dewi’s body in a friendly 
inspect. On one other occasion, a friendly touch was given (an intentional reach of one’s 
arm to touch the body of another individual in a non-aggressive way) by adolescent 
female, Betsy, to adult female Dewi. While adult females may tolerate an adolescent 
female feeding in the same tree as her, other friendly social interactions are generally 
absent. Any affiliative behavior during adolescent-adult female associations typically 
occurs between the adolescent and the dependent offspring of the adult female in the 
form of social play. Wrestling, biting, pushing, pulling, hitting, and swinging all take 
place during these play bouts, which the adult female either observed from a distance or 
seemingly ignored. An adolescent female might also carry an infant sibling for short 
distances and short periods while their mother eats or travels nearby, representing brief 
instances of alloparental care (n=4). On a single occasion, infant Dolia took food from an 
adolescent female’s mouth, which was tolerated by the adolescent. 
Adolescent females often appeared nervous when they moved close to adult 
females, staring intently at the adult female and monitoring her movements carefully. As 
described in Chapter 4, adolescent females also significantly increased their rate of self-
directed behavior when they associated with adult females, indicating elevated anxiety. 
		
46 
Adolescent females often display avoidance behavior while in association with adult 
females, with 19 avoids of an adult female by an adolescent in 28 associations observed 
from 2013-2014. 
Agonistic behavior during adult female-adolescent female associations was 
observed 7 times, always by the adult female toward the adolescent. Contact aggression 
was absent in these dyads, although it did occur on three occasions from adult females to 
their older (near-adolescence but still ranging with mothers) juveniles. Agonism from 
adult females to adolescent females typically consisted of sudden, fast approaching by the 
adult toward the adolescent, resulting in the adolescent’s scrambling quickly to get away 
before there was any contact. Aggressive swatting by the adult toward an adolescent and 
aggressive lunging was also observed. There was never an obvious cause for the 
aggression by the adult female. These agonistic interactions never resulted in the 
immediate (or soon after) termination of the social party between the adolescent and the 
adult. It did, however, result in avoidance by the adolescent and often submissive 
postures by the adolescent in the minutes following the event. Following the agonistic 
event, adolescent females would stay in a separate tree from the adult female, and lay in a 
reclined position with her back on a branch while looking at the adult female. This 
position was rarely observed in other contexts, and occurred with or without overt 
aggression by the adult female.  
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3.3.2.3 Adolescent female associations with their mother versus others 
3.3.2.3.1 Association rates and proximity maintenance between adolescent females and 
their mothers 
 
Three adult female-adolescent female dyads from 2008-2016 are known to be 
related as mother and daughter from observing the dyad regularly when the adolescent 
female was a juvenile until achieving ranging independence; Delly and Duwyk, Beth and 
Betsy, and Dewi and Dinda. These adolescent females spent 14,233 of their focal follow 
minutes with an adult female. Of those minutes, 11,738 were with their own mother 
(82%) of their adult female social time with their own mother while the remaining 18% 
was spent with non-mother adult females. These three adolescent females spent a total of 
16,656 minutes of their focal follow time social (within 50 meters of another independent 
conspecific), making 70% (11738/16656) of their social time with known kin. 
There were 13 instances where the initiator of the social party between an 
adolescent female and her mother could be identified. In 7 of these instances, the 
daughter was the party initiator (54% of the time). For proximity maintenance, 81.6% of 
approaches were performed by daughters (102/125). 
 
3.3.2.3.2 Affiliation and Agonism Between Adolescent Females and Their Mothers 
There was a total of 14 instances of clear motivational interactions – affiliative or 
agonistic - between adolescent females and their mothers. Twelve of these events were 
agonistic in nature (aggressive by the mother or avoidant by the adolescent) while 2 
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events were affiliative, making interactive events between adolescent females and their 
mothers affiliative only 14% of the time. 
In contrast, there were 48 interactive events involving one of these three 
adolescent females and an individual that was not her mother. These interactions were 
agonistic in nature 31% of the time (15/48 instances) and affiliative 69% of the time 
(33/48 instances). In 14 of the affiliative events, the social partner of the adolescent 
female was the dependent infant or juvenile of the adult female they were associating 
with, with 11 of those 14 events occurring between an adolescent female and her known 
younger sibling. 
 
3.3.3 Adolescent Female-Adolescent Female Associations 
 
3.3.3.1 Association rates 
During the period from 2008-2016, adolescent females associated with at least one 
other adolescent female on 49 of their 386 follow days, or 12.7% of their follow days.  
They spent 9,737 minutes of their 200,831 awake observation minutes (4.8%) with at 
least one other adolescent female and 19.3% of their social time with at least one 
adolescent female social partner (Figure 3.3.2a).  
 
3.3.3.2 Affiliation and agonism 
Affiliative behavior was observed between adolescent females, including resting and 
eating in physical contact (n=1), friendly touch/inspect (n=6), social play (n=7), and nest 
sharing (n=2). Adolescent females sometimes spent multiple days traveling together, 
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following a flanged male or an adult female, often with one watching the interactions 
between the other and the male or adult female they were following. For example, during 
adolescent female Walimah and flanged male Codet’s elaborate sexual interactions on the 
21st of March 2014, adolescent female Wadi watched them closely from a nearby tree, 
sometimes within a meter of the couple. When three adolescent females, Walimah, Wadi, 
and Dinda, followed adult female Dewi and her infant Dolia for five days, Walimah sat 
still in a different tree and watched Dinda play with Dolia or feed next to Dewi on 
multiple occasions. 
Agonism was rare and mild between adolescent females. In one nest sharing 
event, Walimah entered a nest that Betsy was already in. While Walimah’s behavior 
appeared affiliative, with no indication of dominance or aggression, Betsy soon left the 
nest. On one occasion Wadi was seen taking food from Walimah. In all other food thefts 
observed during the study period, it was tolerated by the original owner of the food. This 
was not so in the case involving adolescent females, as Walimah protested with 
vocalizations and took an aggressive swipe at Wadi. Walimah’s protests were ineffective 
and she sat and watched the thief, Wadi, eat her branch of young leaves from the next 
tree. 
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3.3.4 Adolescent Female - Flanged Male Associations 
 
3.3.4.1 Adolescent Female-Flanged Male Association Rates and Proximity Maintenance 
Adolescent females associated with at least one flanged male on 32 of their 386 
follow days (8.3%). They spent 4,825 minutes of their 200,831 (2.4%) awake observation 
minutes with at least one flanged male, while 9.5% of their social time was with at least 
one flanged male (Figure 3.3.2a).  
Adolescent females were not the ones responsible for maintaining the social party, 
Based on the Hinde Index for proximity maintenance during associations with a flanged 
male, with an average index of -0.14. Adolescent females were responsible for 55% of all 
approaches between themselves and flanged males, and 68% of all leaves (Figure 3.3.2b). 
Of all associations within 50 meters between adolescent females and flanged males for 
which the identity the individual responsible could be identified (meaning that the party 
began while observers were present and they did not nest together the day prior and the 
night of that follow), 100% were initiated by adolescents (n=12) and 54% were 
terminated by them (n=12) (Figure 3.3.2b).  
 
3.3.4.2 Adolescent Female-Flanged Male Affiliation and Agonism 
Affiliative behaviors were observed between adolescent females and flanged 
males (n=24). There was one clearly observed instance of grooming by an adolescent, 
Walimah, of a flanged male, Codet, although it lasted only 20 seconds. The context for 
this event was that Codet was feeding alone and Walimah came into social party distance 
and approached Codet to within 2 meters. Walimah had been traveling with the unflanged 
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male Malik, who remained 25 meters away from Codet. Codet stared at Malik, and then 
Walimah began touching Codet in a friendly manner and closely inspecting his genitals. 
Walimah then began grooming Codet’s face and the side of his cheek pad. When 
Walimah stopped and moved a few meters away, Codet began to chase the unflanged 
male, Malik. On two other occasions, brief grooming bouts directed by an adolescent 
female to a flanged male were strongly suspected, but the views were partially obstructed 
by foliage. 
Friendly inspections of flanged males by adolescent females were also relatively 
common during their associations, occurring 5 times during 20 associations. Adolescent 
females would approach the flanged male to close range and visually inspect their faces 
or genitals, with their faces mere centimeters from the flanged male’s body. During these 
inspections the flanged male sat still. If he moved at all, it would startle the adolescent 
female, and she would quickly back away from the male, only to return a few seconds 
later and resume her inspection. On one occasion, a flanged male inspected an adolescent 
female briefly, in response to the adolescent’s placing her genitals centimeters from the 
flanged male’s face. 
Affiliative interaction also took the form of food interest by adolescent females to 
flanged males (n=4), and never the other way around. Adolescent females placed their 
face a few inches from the flanged male’s face and/or food item that he was eating. On 2 
occasions, the female then took food from the male’s hand or mouth and ate it herself. 
These food thefts were tolerated by the male. 
Agonistic interactions between adolescent females and flanged males were nearly 
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absent. On one occasion, flanged male, Codet, long-called and quickly approached 
adolescent female, Betsy, as she approached the area where he and adolescent female, 
Walimah, were foraging. There was minor avoidance by Betsy of Codet in response to 
his abrupt and seemingly aggressive approach, although she continued to associate with 
the duo and Codet displayed no further aggressive behavior. It is not clear if Codet 
mistook Betsy for a male at her initial approach or if he was uneasy about another 
orangutan joining his association with Walimah.  
Avoidance by adolescent females of flanged males did occur regularly during 
their associations, but it never appeared to be the intention of the male to intimidate, as no 
aggressive or dominant displays preceded the avoidance by adolescents. Adolescent 
females often appeared nervous or apprehensive around flanged males, as they did with 
adult females, watching their movements carefully and backing/moving away quickly if 
the flanged male approached to a close distance (<10 meters). This avoidance was often 
followed later by the close friendly inspections described above or simply intent staring 
at the male from a couple meters away. As in their associations with adult females, 
adolescent females had significantly increased rates of self-directed behavior when in 
social party with flanged males, indicating increased anxiety (Chapter 4).  
 
3.3.4.3 Adolescent Female-Flanged Male Unique Sociosexual Interaction Rituals 
The mating behavior between adolescent females and flanged males was strikingly 
different than that observed between adult females and flanged males, warranting more 
detailed description and characterization. Adolescent female, Walimah, has been 
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followed in Gunung Palung National Park sine her birth in 1998. She has been followed 
extensively, spending over 14,000 hours in the presence of humans, and is very well-
habituated to observers. Observers have been able to witness a great deal of her 
development and her social behavior, and during this study period I observed extensive 
and intriguing socio-sexual behavior with one flanged male, Codet. For proper context 
and an example of adolescent female sexual behavior, I detail Walimah’s reproductive 
behavior until her first pregnancy. 
The first time Walimah was observed mating was a forced copulation with an 
unflanged male when she was 10.4 years old. Despite many hours of observation, she 
was not seen mating again until March 20, 2014 when she was 15.4 years old. During this 
interim period, 60% of her social time was spent in the presence of males (51% of her 
social time exclusively with males – without any females present). Starting in August 
2013, however, Walimah began following and engaging in proceptive behavior with 
flanged male, Codet. Over a 6.5-month period (starting August 1, 2013 when she began 
following Codet extensively until the day before they were first seen mating) Walimah 
was encountered by observers on 53 different days. She partied with Codet on 14 of those 
days, spending a total of 4,199 minutes with him, with 480 of those minutes spent in very 
close proximity - within 5 meters. During these interactions, Codet would remain 
motionless while Walimah closely inspected him, including his penis, lightly touched 
him and presented her genitals to him. During these close examinations, no mating or 
mating attempts occurred. During this period Walimah also occasionally traveled with 
other males, including two different unflanged males, a flanging male, and another 
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flanged male. These interactions were much less extensive than with Codet, but also 
involved proceptive behavior by Walimah, including some genital inspections and 
affiliative physical contact, but no mating. After 8 months of such interactions, with no 
mating observed, Walimah successfully mated with Codet after 26 minutes of prolonged 
manual and oral stimulation and attempted intromission by Walimah. This re-occurred 
over the next two days. Several months later, after she was pregnant, Walimah traveled 
with an unflanged male, with whom she mated twice, once cooperatively and once 
forced. These matings did not involve the elaborate and prolonged ‘foreplay’ by Walimah 
that was seen with flanged male Codet. 
These mating interactions, involving extensive proceptive behavior by the female 
while the flanged male remains completely still, were observed in two different dyads, 
Walimah-Codet, and Betsy-Moris. The commonalities in all events include 1) the 
extensive proceptive behavior by the adolescent female (touching the male, attempting 
intromission, placing genitals to the face and penis of the flanged male, performing oral 
stimulation of the male’s penis, etc.), 2) the stillness and posture of the flanged male (see 
Figure 3.3.4.3a), and 3) the long duration of the interaction. It is also worth noting that in 
each of these cases, the adolescent female is an older adolescent, having been ranging 
independently for several years. Walimah was 15 years old when these elaborate mating 
interactions were first witnessed in March of 2014 and she conceived in July 2014. Betsy 
was believed to be 14 years old at the time her 2-hour sexual interaction was observed 
with flanged male, Moris. I am unaware of any pregnancies of Betsy as of August 2017. 
A third dyad, Dinda-Prabu, also displayed extensive physical contact (embracing) and 
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oral stimulation of the male by female Dinda. This exchange lasted 7 minutes and never 
resulted in mating. Dinda is believed to be 11 years old, so it is possible that this was a 
misidentification and this female was actually Dagul, who was 14 years old at this time.  
 
Figure 3.3.4.3a. A still shot from a video (filmed by Robert Rodriguez Suro) of 
flanged male, Codet, during a sexual interaction and mating event with adolescent 
female, Walimah. Note his raised arms, and his head tilted back as he looks 
upwards. This position is typical of the events witnessed at Gunung Palung and also 
for those described by Schurmann (1980, 1981) at Ketambe on Sumatra. 
 
The similarities in these sexual interactions between young, nulliparous females 
and flanged males were notable particularly during the 2013-2014 study period, and 
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because so many matings were being observed during this time, the contrast between 
adolescent female matings and those of adult females was especially apparent. Most of 
the matings involved adult females and none of those events resembled those that began 
in March 2014 with the young females. To test the hypothesis that adolescent female 
mating events are significantly different from adult female mating events, I examined the 
matings I observed from 2013-2014 and enlarged my sample size using mating data from 
C. Knott’s long-term database. Ordinal mixed effect regressions were used to predict 
mating score, which is an ordinal variable with completely resisted matings receiving a 
score of 1 and completely proceptive matings receiving a score of 10 (see Methods 
section for detailed explanation of mating score scale). All combinations of possible two-
way interaction effects were tested and subsequently omitted from the final model as 
none of the interactions were significant. The final model revealed that female age 
significantly predicted mating score (p=0.005), while male type (flanged or unflanged) 
and mating duration were not significant (p=0.655, p=0.078, respectively) (Table 
3.3.4.3a). Adolescent female mating events had significantly higher mating scores 
(indicating more proceptivity) than those of adult females (β=1.683, p=0.004) (Table 
3.3.4.3b and Figure 3.3.4.3b and 3.3.4.3c). 
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Table 3.3.4.3a. Results of ordinal mixed effect regression predicted mating score 
based on female age-class, status of male mating partner (flanged or unflanged), and 
mating duration. 
 F df1 df2 P 
Corrected 
Model 
4.835 3 44 0.005 
Female Age 
Class 
(Adolescent or 
Adult) 
9.280 1 44 0.004 
Male Class 
(Flanged or 
Unflanged) 
0.203 1 44 0.655 
Mating 
Duration 
3.261 1 44 0.078 
 
 
 
 
Table 3.3.4.3b. Fixed coefficients from ordinal mixed effects regression predicting 
mating score based on female age-class, status of male mating partner (flanged or 
unflanged), and mating duration. 
Model 
term 
Coefficient Std. 
Error 
T P 95% CI 
Lower 
95% CI 
Upper 
Adolescent 
Female 
1.683 0.552 3.046 0.004 0.570 2.796 
Adult 
female 
0a      
Unflanged 
male 
-0.228 0.507 -0.450 0.655 -1.249 0.793 
Flanged 
male 
0a      
Mating 
duration 
0.001 0.001 1.806 0.078 -0.000 0.002 
* This coefficient is set to zero because it is redundant. 
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Figure 3.3.4.3b Box and whisker plot of mating scores for adolescent females versus 
adult females showing a significant difference, with adolescent females having 
higher (more proceptive) mating scores than adult females (p=0.004). 
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Figure 3.3.4.3c. Histogram of the mating scores for adolescent and adult females. 
The scores 1-10 represent the most proceptive of mating (10), the most resisted 
mating (1) and neutral, unresisted mating (5). 
 
 
3.3.5 Adolescent Female-Unflanged Male Associations 
3.3.5.1 Association rates and proximity maintenance 
During the period from 2008-2016, adolescent females associated with at least 
one unflanged male on 68 of their 386 follow days, or 17.6% of their focal follow days.  
They spent 17,280 minutes of their 200,831 awake observation minutes (8.6%) with at 
least one unflanged male. Adolescent females spent 50,526 minutes with at least one 
other independently ranging orangutan, making 34.2% of their social time spent with at 
least one unflanged male (Figure 3.3.2a).  
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Using data from 2013-2014 and based on the Hinde Index for proximity 
maintenance during associations within 50 meters or less with an unflanged male, 
adolescent females were responsible more for maintaining the proximity, with an average 
index of 0.08, though this value is very small, indicating relatively mutual responsibility 
for remaining in association. Perhaps more telling for orangutan social events (see 
Discussion), adolescent females were responsible for 47% of all approaches between 
adolescent females and unflanged males, and 53% of all leaves (Figure 3.3.2b). Of all 
associations within 50 meters between adolescent and unflanged males for which the 
identity the individual responsible was known (the party began while observers were 
present and the dyad did not nest together the previous night or the night of the follow), 
71.4% were initiated by adolescents (n=7) and 60% were terminated by them (n=5) 
(Figure 3.3.2b).  
3.3.5.2 Affiliation and agonism 
There was definite affiliative behavior between adolescent females and unflanged 
males. They traveled and fed together, sometimes for several days. Affiliative physical 
contact (that which had no agonistic implications and did not occur in the context of a 
mating event) was observed on 30 occasions (not including food interest or friendly 
inspections). Affiliative physical contact included resting or eating while some part of the 
male and female’s body were touching (n=8), spontaneous friendly touches by adolescent 
female of unflanged male (n=13) and by unflanged male of adolescent females (n=6), 
food interest in an item the other was eating (n=6 for adolescents to unflanged males, and 
n=2 for unflanged males to adolescents), and tolerated food theft by an adolescent female 
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from an unflanged male (n=3). Friendly inspections, in which one individual examined 
the body of another with their face less than a half meter from the other’s body, also 
occurred in these dyadic associations (n=3 unflanged male to adolescent female, n=1 
adolescent female to unflanged male). 
During these multi-day social parties, mating and mating attempts were never 
observed, despite close spatial proximity and mutual interest, as indicated by near-equal 
sharing of responsibility for approaches. In one case of a 6-day travelling social 
association (it was at least 6 days, as they were found together on September 1, 2013 and 
were followed through September 6th when they were lost and found again, together, on 
September 9th) adolescent female Walimah and unflanged male Malik coordinated their 
travel, fed in the same trees, and displayed at least 2 instances of affiliative physical 
contact, and two instances of food sharing (tolerated food theft by Walimah from Malik). 
Their physical contact included Walimah’s embracing Malik in a hug while resting on a 
branch, laying and resting with their arms and legs touching, and Walimah’s climbing 
into Malik’s lap and leaning back to lay her head and back on his shoulder and chest. 
Similar interactions took place between adolescent female, Wadi, and unflanged (but 
beginning to flange) male, Syklops, which also included tolerated food theft by the 
adolescent from the unflanged male, and a full embrace of the male by the female with 
her arms wrapped around the male’s body while her head rested on his back from behind. 
Walimah also engaged in extended affiliative associations with unflanged male Mr. 
Kecil, spending at least 5 consecutive days with him that involved physical contact, 
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friendly inspections, and mutual food interest. None of these associations involved 
mating. 
Agonistic interactions were never observed between unflanged males and 
adolescent females during the period from 2013-2014. Forced/resisted mating events 
have been recorded between adolescent females and unflanged males in the long-term 
database. All of the associations that were observed during the 2013-2014 study period 
lacked mating, however, and appeared to be entirely affiliative.  
 
3.4 Discussion  
 
Adolescent females are the most social age-sex class of orangutans at Gunung 
Palung, as they have been described to be elsewhere on Borneo (Carne et al. 2013; 
Galdikas 1995). They spend the greatest percentage of their social time with adult 
females and, as predicted, usually their own mother if she is alive. Contrary to 
expectation, adolescent females spent the next largest proportion of their social time with 
unflanged males, followed by other adolescent females. The smallest percentage of 
adolescent female’s social time was spent in the company of flanged males. They seek 
out associations with others – initiating social parties in 85% of cases (28 out of 33 cases 
when the party initiator was known with certainty). These young females display more 
affiliative behavior than others, receive higher rates of agonsim from adult females than 
others (as is also reported by (Galdikas 1984), and have a unique sociosexual behavioral 
repertoire with flanged males. They display a high degree of affiliative behavior with 
unflanged males. These findings reveal adolescence to be a distinctively important period 
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for social development in female orangutans, during which they must navigate a more 
dynamic social milieu than this genus is typically credited with (Chapter 2). The seeking 
of associations indicates that there must be benefits to being social, particularly for this 
orangutan age-sex class. 
3.4.1 Adolescent Female-Adult Female Associations 
As shown in Chapter 4, adolescents display behavioral signs of anxiety when they 
are with adult females, yet the results presented here show that adolescent females 
actively seek adult females as associates. Adult females appear indifferent at best and are 
aggressive towards adolescents at worst. Based on the extensive staring and watching of 
adult females by adolescent females and their tendency to play with infants and juveniles, 
it is likely that adolescent females gain social learning opportunities from associating 
with adult females and their young. They are able to observe how adult females interact 
with other individuals, including their babies. Evidence of behavioral role modeling of 
adults by juveniles and adolescents has been documented in chimpanzees (Sherrow 2008) 
and capuchin monkeys (Mackinnon 2003) and is expected to be an important part of the 
extended developmental period of primates (Pereira and Fairbanks 1993). It is possible 
that these associations also allow for some degree of parenting practice, as adolescent 
females get the chance to interact with young orangutans through play and the occasional 
allocarry. If parenting practice is an important function of adolescent female associations 
with adult females, we should expect that adolescent females display significantly more 
interaction with infants and juveniles compared to adolescent male orangutans, as higher 
levels of caretaking behavior have been found in females of other primate species 
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compared to males (Fairbanks 1993). The current study lacked known adolescent male 
subjects because it is impossible to know the age of an unflanged male since males 
disperse from their natal ranges and observers cannot be certain if a newly observed 
unflanged male has recently left his mother. Despite this challenge, investigating male 
adolescence in orangutans would be informative about sex differences in social 
development. While an independently ranging adolescent female is necessarily 
nutritionally independent, spending time in proximity of adult females also provides the 
opportunity to watch their foraging and ranging strategies. Group-living primates can 
observe the behavior of multiple group members at any time, while adolescent 
orangutans must actively seek out such opportunities. Given the complex and 
unpredictable foraging environment that orangutans inhabit, it may be particularly useful 
for adolescents to be able to continue gleaning new foraging information from multiple 
individuals after they begin ranging independently. 
Similarly, it may also be beneficial for adolescent females to be aware of the 
home ranges of adult females as they establish their own range independent of their 
mothers. Female orangutan home ranges display extensive overlap (van Noordwijk et al. 
2012; Knott et al. 2008), and having familiarity with the individuals one can expect to 
encounter in particular areas may be useful for avoiding direct and indirect competition 
with other females. These associations with adult females allow adolescent females the 
chance to make themselves known to others and to gain experience in knowing the 
degree of tolerance other females may have for them. While contact aggression is very 
rarely observed in female orangutans, it has been witnessed during a sudden and 
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ferocious fight between two mothers who had been foraging together for hours with their 
infants in Gunung Palung in 2013. At the orangutan study site Tuanan, also on Borneo, 
severe, repeated physical aggression was witnessed between adult females, and, with the 
help of an adult male, resulted in the victim’s death (Marzec et al. 2016). Despite its 
rarity, contact aggression can have dire consequences for orangutans, making it 
imperative that adolescents become familiar with those they may encounter. 
If adolescent females had the opportunity to associate with their own mother (i.e. 
she was alive and ranging within the study site) they do so far more than with any other 
adult female and adolescents are the ones responsible for seeking out and maintaining 
proximity to their mothers and not vice versa. However, these associations were not 
overtly affiliative as might be expected. In fact, more agonistic interactions occurred 
within these dyads than in another other adolescent female social associations. 
Adolescents seeking the company of their mothers despite apparent tension in the 
relationship could be explained through parent-offspring conflict theory (Trivers 1974). 
In all cases in this study, and as is usual for orangutans, the mother of the adolescent 
female had a dependent infant. As a predominantly solitary species constrained by a fruit-
poor environment, adult females with dependent offspring need to cease their regular 
association with their older daughters in order to invest in their younger offspring and to 
avoid competing for food with a nearly adult sized female. Meanwhile, it is in the best 
interest of the older daughter to associate with her mother because she can continue to 
learn information about foraging, ranging, and socializing with conspecifics that her 
mother may encounter. An adolescent can tolerate whatever energetic cost there may be 
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to socializing since she is not full grown and is not lactating but an adult female must 
encourage independence in her older offspring so she can invest in her next one. The 
agonism between mother and adolescent daughter likely facilitates a reduction in their 
association rate over time (van Noordwijk et al. 2009). 
3.4.2 Adolescent Female-Adolescent Female Associations 
 Adolescent females were found in both brief and extended associations with other 
adolescent females. They displayed affiliative contact and playful behavior with one 
another, with one very mild case of potential agonsim in the form of untolerated food 
theft from one to another. Adolescent female dyads were typically in social party with 
additional orangutans at the same time, and they often closely watched the interactions of 
another adolescent with an adult female, flanged male, or infant/juvenile orangutan. In 
this way, adolescent female associations with one another increase their opportunities for 
social learning by watching the social interactions of others, acquainting them with the 
social landscape.  
As described in Chapter 4, socializing with another adolescent female seems to 
reduce anxiety for adolescent females as indicated by a significant reduction in their rate 
of self-directed behavior compared to when they are in association with adult females or 
flanged males. During this study period, when adolescent females were in association 
with another adolescent female, 96% of the time an additional orangutan was present. It 
appears that adolescent females may serve as social buffers for one another, making 
associating with other conspecifics less anxiety-inducing. If a young female has those 
associations at the same time as a peer, who may be more experienced with that adult 
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orangutan, they can still reap some benefits of the association (increased familiarity with 
other individuals, learning opportunities, play opportunities) with less cost to themselves. 
Some have argued that indirect social support (the mere presence of kin in social groups) 
can reduce stress as measured through fecal glucocorticoids (Scheiber et al. 2005). 
Associating with a peer crowd has been found to be protective against feelings of social 
anxiety in human adolescents (Greca and Harrison 2005) and the same appears to be true 
for orangutans. 
3.4.3 Adolescent Female-Flanged Male Associations 
 
 While adolescent females were exclusively responsible for initiating associations 
with flanged males, flanged males helped to maintain the association, performing 45% of 
the approaches between them. Adolescent female-flanged male associations had a Hinde 
Index of -0.14, which would indicate that flanged males were more responsible for 
maintaining their associations. The discrepancy in this – adolescent females perform 
more of the approaches yet flanged males appear to maintain proximity based on a 
negative Hinde Index – is likely a product of the nature of adolescent female behavior 
when they are near flanged males. They perform many of the approaches, but also 
perform many of the leaves. Adolescents would often get close to flanged males and stare 
at or inspect them but would quickly retreat if the male moved at all. They also displayed 
avoidance of flanged males during associations, quickly getting out of the travel 
trajectory of their flanged male associate (thereby performing a leave) even though the 
male was non-aggressive and the female continued to remain in the social party. This 
nervous behavior on the part of adolescent females increases the number of leaves they 
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perform, even though they are apparently not seeking to terminate close proximity with 
the flanged males. For this reason, the overall percentage of approaches while in 
association may be more telling of who is responsible for maintaining proximity, along 
with the identity of the overall party initiator. 
 Adolescent females seek associations with flanged males, and then follow them 
around, albeit nervously, as indicated by their increased rate of self-directed behavior 
when in their presence (Chapter 4). Their tendency to get into close proximity and 
perform friendly inspections indicates a keen interest in these males, despite their 
apparent anxiety about them. Flanged males are at least double the size of an adolescent 
female (Leigh and Shea 1995; Utami Atmoko and van Hooff 2004), and are capable of 
severe aggression (Maggioncalda and Sapolsky 2002), and, like unflanged males, are 
responsible for forced copulations (Utami Atmoko et al. 2009; Knott et al. 2010). 
Flanged males are dominant to unflanged males (Knott 2009), and have higher 
testosterone levels (Maggioncalda et al. 1999). Knott et al. (2010) have shown that 
flanged males are the preferred mating partners and sires for females, who appear to 
concentrate matings with flanged males during the periovulatory period. This mixture of 
anxiety and interest in flanged males shown by young females is accordingly 
understandable. Smuts (1985) described a similar period of ambivalence in adolescent 
female baboons, characterized by a combination of new and intense sexual desire and 
also fear of adult males who once were avoided, which manifests itself in approaching 
males to close distances and then running away, repeating this over and over while the 
male ignores her. 
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Adolescent female orangutans must establish a rapport with flanged males 
independent of their mother, much in the same way they must accomplish this with adult 
females. Sumatran orangutan researchers have suggested that females distribute 
themselves within the home range of a dominant flanged male and receive protection 
from sexual harassment from other males as a result (Fox 2002). It is also expected that 
infanticide is a risk for orangutan mothers (Knott et al. 2010) (but see Beaudrot et al. 
2009). Establishing familiarity with a resident flanged male would allow adolescent 
females to seek proximity with him when necessary to reduce her future risk of 
harassment by potentially infanticidal males.  
The sexual interactions between adolescent females and flanged males described 
here are intriguing due to their extensive proceptive behavior and long durations. Also of 
note are the receptive position and complete stillness of the flanged male for long periods 
while an adolescent female performs these elaborate sexual behaviors on him. It is clear 
that the males are capable of forcing a mating, which would accomplish a mating in a 
shorter time (Knott 2009), and if they were uninterested in the female they could be 
spending this time doing any number of other activities that might be beneficial to them, 
such as eating or resting. Instead, they remain motionless, with their arms raised and 
allow the female to carry out many sexual behaviors. It is important to note that this is in 
stark contrast to the indifference that adult males often have towards young, nulliparous 
females that are eager to mate with them, as is commonly seen in other primates. For 
example, adolescent female white-faced capuchin monkeys begin courting adult males 
with ‘sex dances’ and ‘duck faces’ – species-typical female behaviors to let a male know 
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she would like to mate (Perry and Manson 2009). Their efforts are met with indifference 
on the part of the males, who continue foraging. Eventually a male in the group will mate 
with the female, but only after many failed attempts by the adolescent female, and the 
eventual mating event will be unremarkable in terms of the behaviors performed 
(personal observation). In baboons, males have low interest in mating with newly cycling 
adolescent females and adolescent female copulation rates do not match those of adult 
females until their ninth reproductive cycle (Scott 1984). 
This is not to say that this indifference towards adolescent female sexual advances 
is absent in orangutans. Young adolescent females that pursue flanged males are often 
ignored and their presence merely tolerated. For example, Walimah’s early associations 
with Codet involved Walimah approaching Codet and placing her face or her genitals 
close to his face while he simply continued feeding on fruit without giving her a second 
look. They were only observed mating in these long elaborate ritualistic ways starting in 
March 2014, long after Walimah was first recorded following him around for extended 
periods in August 2010 and then in 2011. It is possible that this long period of disinterest 
on the part of males has to do with adolescent subfecundity – the period after menarche 
but before conception during which adolescent females are cycling, but hormone 
production may be insufficient for a successful pregnancy (Knott 2001). It is only later in 
adolescence, when females have already been ranging independently for several years, 
that these elaborate mating events begin. It is not clear what might cue a flanged male to 
turn from indifference to willful participation in these long events that surely require 
restraint on their part. Perhaps the adolescent female has gained confidence after many 
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associations with the male and her extreme proceptive behavior lets him know that she is 
ready for mating. Alternatively, there may be a signal that the quality of her cycles has 
improved and she is prepared to conceive. Orangutans lack the sexual swellings that 
some catarrhine primates display to signal their reproductive status, but it is possible that 
other cues are in place to stimulate the interest of the male once a female is ready to 
conceive, such as olfactory cues, as is true for tamarins, for example (Ziegler et al. 1993). 
It has been suggested that adolescent subfecundity may function to allow “neophyte 
females” time to discern appropriate sires without the risk of conception with a 
potentially undesirable mate (Bercovitch and Ziegler 2002).  
If the elaborate sexual interactions between flanged males and adolescent females 
that have been described here are some sort of initiation ritual into the conceptive period, 
why do are similar displays not seen in other species? I suggest that this particular 
behavioral repertoire may be unique to orangutans because of the unusual pattern of 
forced copulation in this genus, coupled with their dispersed social organization. The 
proceptive behavior of the adolescent female may signal to the male that she is ready 
(sufficiently familiar with him or hormonally primed) to conceive. Considering the 
exceptionally long interbirth intervals characteristic of orangutans, it is in the best interest 
of the male to ensure he is the sire of her first offspring. As shown here, adolescent 
females are characteristically nervous around flanged males, running out of the way if 
they move or gesture in their direction and increasing their rate of self-directed behavior 
(Chapter 4). The signature stillness and receptive body position of the flanged male may 
be a way for him to signal to the female that he is non-threatening, gaining her trust to 
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initiate the physical contact necessary for mating. It is possible that signaling his lack of 
aggression and lack of coercive tendency may increase the likelihood of this female 
seeking him out, rather than avoiding an intimidating male, anytime she is conceptive. A 
similar argument has been made by van Noordwijk and van Schaik (2009) regarding food 
theft from males by females. They suggest that it is a way for females to test his 
temperament and tolerance toward her. Without permanent group associations, male 
orangutans risk a periovulatory female’s terminating an association with them, thereby 
losing a siring opportunity. By tolerating both long, drawn-out sexual behaviors and the 
theft of food by adolescent females, flanged males ensure that adolescent females do not 
run away. 
It is tempting to regard the distinctive features of the adolescent female-flanged 
male mating events that were witnessed during this study as a bizarre cultural behavior 
among this particular cohort of adolescent females. The extensive, repeated manual and 
oral stimulation of the male penis by the female, repeated intromission attempts by the 
female, all while the male remains motionless with his arms raised and head tilted back, 
and all of this happening over and over for long periods (20-120 minutes), does not 
resemble the mating events observed between adult females and any males at Gunung 
Palung. However, two published accounts from the orangutan study site Ketambe, on the 
island of Sumatra, from the early 1980s describe remarkably identical scenes involving a 
nulliparous female, Yet, and a flanged male, Jon (Schürmann 1982; Schürmann 1981). 
Yet showed great interest in Jon and followed him around, inspecting him, touching him, 
and taking food from him. After months of Yet following Jon, they finally mated. The 
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events involved oral and manual stimulation of the male’s penis by the female and the 
female’s attempting intromission. The flanged male Jon was motionlessness during 
copulation and looked away from the female. This author termed the posture of the male 
as “male presenting,” in which Jon assumed “…upright sitting position, usually extended 
his arms and legs and bent backwards until he almost lay on his back. This particular 
pattern of presenting was only observed in the adult male Jon; it was never seen in 
subadult males” (1981, p. 131).  These elaborate matings occurred shortly before the 
female conceived for the first time. These accounts support the suggestion that these 
mating events are exclusive to adolescent female and flanged male dyads, specifically, 
and that they are consistent in involving extensive female proceptive behavior, long 
duration, and a specific male body position in populations throughout the range of the 
genus Pongo. 
3.4.4 Adolescent Female-Unflanged Male Associations 
Adolescent females were expected to spend the largest proportion of their social 
time with other adolescent females, after their own mothers, because they should be more 
closely related to other females than to males, given female philopatry. However, 
adolescent females spent more time with unflanged males, suggesting that their 
relationships with unflanged males may be more beneficial than those with other 
adolescent females. Adolescent females and unflanged males shared responsibility for 
maintaining associations with one another, with both parties performing roughly half of 
the approaches (47% and 53%, respectively). A positive but small Hinde Index indicated 
a somewhat even distribution of responsibility for maintaining proximity, with a slight 
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tendency for adolescent females to follow unflanged males. Extensive affiliative behavior 
took place within these dyads relative to associations between other age-sex classes, with 
a great deal of friendly touching, inspecting, food interest, and tolerated food theft 
directed by adolescent females to unflanged males. Friendly embracing and lounging on 
one another occurred between an adolescent female and an unflanged male on multiple 
occasions in two different pairs – Walimah and Malik, and Wadi and Syklops. 
Interestingly, despite extensive physical contact and mutual interest in one another, 
mating was never observed in either pair during the 2013-2014 study period. 
On the basis of the amount of affiliative exchanges, the complete lack of agonistic 
behavior, the apparent mutual interest in spending time together, and a lack of observed 
mating, I suggest that at least some adolescent female and unflanged male dyads could 
possibly constitute friendships, similar to those described by Smuts (1985) for baboons. 
A mutual affinity for one another as indicated by close spatial proximity and frequent 
grooming outside of the estrous period is part of what defines friendship in baboons. As 
grooming is exceedingly rare in orangutans, the presence of any affiliative interactions at 
all should be telling about a dyad’s affinity for one another. Additionally, adolescent 
female associations with adult females and flanged males involve elevated anxiety for 
adolescents (Chapter 4), while spending time with unflanged male actually does not. This 
indicates a lack of anxiety or tension within these types of dyads. It is possible, and 
perhaps likely, that the specific identities of the social partners in these dyads is of 
importance. It is possible that unflanged males involved in highly affiliative dyadic 
interactions are young and relatively new to ranging alone, similar to the adolescent 
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females. They both may find comfort in spending time together, or they are familiar with 
one another from associating together as infants or juveniles when they ranged with their 
mothers. While this scenario is possible, particularly for unflanged male Mr. Kecil, who 
was not much larger than an adolescent female, it is difficult to be sure of the ages of 
larger unflanged males. Malik was fairly robust in size, and was noticeably larger than 
the adolescent female, Walimah. Syklops had been followed for at least four years at the 
time of data collection, and was also large. During this study period, he also began to 
develop very slight cheek pads and was able to produce long calls, which may indicate 
that he was undergoing a transition into flanged status.  
Friendships between male and female chacma baboons appear to be a 
counterstrategy to infanticide (Palombit 2009). While there is no definitive evidence that 
infanticide is a risk in orangutans (Beaudrot et al. 2009), there are sound theoretical 
reasons to expect it in this genus (van Schaik 1999), and there is some evidence for 
behavioral counterstrategies to infanticide (Knott et al. 2010; Scott and Knott 2017). 
There is a single suspected case of infanticide from Gunung Palung in which the infant of 
a first-time mother disappeared during the same period during which the mother acquired 
a severe foot injury (Knott et al. in review). Accordingly, it is possible that affiliative 
relationships with unflanged males could be a strategy to reduce the risk of infanticide by 
familiar male ‘friends’ later on when the young females reproduce. Future studies should 
examine whether adolescent female relationships with unflanged males persist after they 
have given birth and determine whether they can truly be considered friendships. It will 
also be telling to examine the parentage of primiparous female orangutan offspring. 
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Perhaps mating events do occur and simply were not observed during this study period, 
and unflanged males could be siring the offspring of their affiliative female companions. 
Tolerated food theft was present in adolescent female-unflanged male dyads. The 
testing of coercive tendencies — as discussed above in the context of adolescent female-
flanged male dyads — may also be relevant to these instances. Unflanged males 
forcefully copulate with females, with as many as 90% of their matings being forced at 
the study site Kutai, for example (Knott 2009). Therefore, it would be useful for 
adolescent females to know the temperament of unflanged males. The degree of tolerance 
that an unflanged male has for food theft by an adolescent female — which imposes an 
immediate cost on the male to the immediate benefit of the adolescent female – could be 
a reliable way for an adolescent female to assess aggressive tendencies in a male and for 
the unflanged male to signal his agreeable temperament to a potential future mate (van 
Noordwijk and Schaik 2009).  
3.4.5 Significance and Future Directions 	
An important goal of future research on orangutan sociality is to examine genetic 
relatedness among social associates in the Gunung Palung population. Kinship plays a 
strong role in adolescent female-adult female social relationships, with adolescents 
visiting their mothers with regularity. However, non-mother-daughter adolescent female-
adult female associations were also observed, and it could be that they are more distantly 
related as granddaughters and grandmothers or aunts and nieces. Similarly, it would be 
useful for understanding orangutan social structure to know whether females 
preferentially associate with related female kin in general at Gunung Palung as has been 
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shown at the study site Tuanan (van Noordwijk et al. 2012). It would also be telling to 
examine whether adolescent females and their unflanged male associates are related in 
any way, which could explain why mating was never observed in these associations.  
Genetic data over the long-term will also help us to understand the nature of 
orangutan sociality by showing whether seemingly important social relationships persist 
over the lifespan. Individual orangutans can sometimes be encountered for several years 
at a time, and then not be seen for multiple years. It can be difficult to accurately identify 
reappearing orangutans as known individuals because their appearance may have 
changed (general aging, new scars, developed cheek pads, etc.). Genetic data will help to 
remedy this issue and provide insight into the longevity of social bonds. 
.
		
78 
CHAPTER FOUR: THE COSTS OF SOCIALITY PART I: SOCIAL STRESS IN 
WILD PONGO PYGMAEUS WURMBII 
 
4.1 Introduction 
 
Understanding primate sociality is a central issue in primatology. Living in social 
groups has costs and benefits that vary across and within species, being influenced by 
many factors including distribution of resources, predation pressure, and infanticide risk 
(Sterck et al. 1997; van Schaik 1999; Wrangham 1980). Orangutans are unusual among 
higher primates in their low degree of sociality. Described as semi-solitary (Galdikas 
1985a), with individual based fission-fusion dynamics (van Schaik 1999), orangutans 
provide a fairly unique opportunity to explore differences between social and solitary 
states within one population. With high levels of mating resistance (Utami Atmoko et al. 
2009), little affiliative social interaction among adults (van Noordwijk et al. 2012), and 
active avoidance among adult females (Knott et al. 2008), orangutan studies give the 
impression of general social aversion. Orangutans on Borneo are said to be even less 
social than their Sumatran counterparts (van Schaik 1999; Mitra Setia et al. 2009). This 
has been attributed to the lower fruit availability on Borneo compared to Sumatra (van 
Schaik 1999; Wich et al. 2006; Marshall et al. 2009). For an ape that spends most of its 
time ranging solitarily, encountering conspecifics may elicit psychological stress. 
Coming together is necessary at least occasionally for the practical reasons of mating or 
gathering at a common food source. Are these and other gatherings costly? While it has 
been demonstrated that contest competition exists for Sumatran orangutans for access to 
large fig trees (Utami et al. 1997a), and females on Borneo avoid one another due to 
scramble competition within their highly overlapping ranges (Knott et al. 2008), social 
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encounters and agonistic encounters are rare overall (Utami et al. 1997b; Knott et al. 
2008). What, then, is the proximate mechanism that keeps orangutans away from one 
another more generally? This study aims to examine the possibility that stress is 
experienced under social conditions, thereby deterring orangutans from associating more 
frequently than is necessary. I explore stress in this wild population in two different non-
invasive ways – by measuring the stress hormone cortisol in urine and by looking at 
anxiety as measured by self-directed behavior (SDB). 
Stress, as an adaptive response, should signal the need for a change in behavior, 
as well as physiology. Thus, measuring stress can be a useful way to examine how 
adaptive behaviors emerge. Cortisol is an adrenal steroid hormone and plays a large role 
in the stress response. The catabolic effects of cortisol mobilize resources for the central 
nervous system, cardiovascular system, and skeletal muscles when faced with fitness-
compromising situations. Chronically elevated levels of cortisol can have detrimental 
effects on health, reproduction and survival (Sapolsky 2005; Wasser et al. 2000; Creel 
2001; Bercovitch and Ziegler 2002). As such, cortisol has been studied in many primates 
as a non-invasive way of measuring the costs associated with various social factors 
including social rank (Schoof and Jack 2013; Sapolsky 2005; Kahlenberg et al. 2008), 
received aggression (Surbeck et al. 2012), and the threat of infanticide (Engh et al. 
2006). Weingrill et al. (2011) found that captive Bornean orangutans had a greater stress 
response to being housed in larger social groups in zoos than Sumatran orangutans. If 
Bornean orangutans are socially stressed by large social groups in captivity, under non-
nutritionally stressed conditions, it seems possible that they are inherently socially 
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averse. As such, I expect to find elevated cortisol levels after socializing 
Anxiety, a subset of stress, is an emotional state of uneasiness or tension in 
response to a situation that may pose a threat (Maestripieri et al. 1992). Self-directed 
behavior is an indicator of social anxiety (Castles et al. 1999; Kutsukake 2003; Aureli 
and Yates 2010). Self-directed behavior (SDB) most commonly includes yawning, 
scratching, and autogrooming and has been used widely as a way of assessing anxiety 
across the order Primates, including in strepsirrhines (Palagi and Norscia 2011 in brown 
lemurs; Watson et al. 1999 in the small-eared bush baby), catarrhine and platyrrhine 
monkeys (Schino et al. 1996 in macaques; Castles et al. 1999 in olive baboons; Manson 
and Perry 2000 in white-faced capuchins; Polizzi di Sorrentino et al. 2012 in capuchins), 
and also in apes (Kutsukake 2003 in chimpanzees; Peel et al. 2005 in gorillas) and 
humans (Troisi 2002). Rates of SDB are decreased and increased, respectively, by 
anxiolytic and anxiogenic drugs, which supports the use of SDB as a behavioral marker 
of anxiety (Polizzi di Sorrentino et al. 2012; Schino et al. 1996).  
I hypothesize that socializing is stressful for orangutans. Based on the higher 
energetic requirements of parous females and flanged males compared to adolescent 
females and unflanged males, I also hypothesize that these classes suffer greater costs 
from socializing. Lactation is the most costly component of mothering (Clutton-Brock et 
al. 1989; Emery Thompson 2013; Gittleman and Thompson 1988; Emery Thompson et 
al. 2012), as milk production is energetically expensive, which can be associated with 
elevated cortisol levels during periods of limited food availability (Emery Thompson et 
al. 2010). Weingrill et al. (2011) found that lactating female orangutans in captivity had 
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elevated levels of fecal glucocorticoid concentrations compared to non-lactating and 
juvenile females. I also expect social partners of different age-sex classes to be more 
costly than others due to larger body size presenting a higher degree of foraging 
competition and also a carrying a higher potential cost to their social partners in receiving 
aggression from larger or more dominant individuals. As such, I predict the following: 
1. Socializing is associated with increased cortisol levels across the population. 
2. Socializing is associated with a greater increase in cortisol in adult females 
and flanged males under social conditions compared to adolescent females 
and unflanged males. 
3. Rates of self-directed behavior are higher during social parties than during 
solitary periods across the population. 
4. Rates of self-directed behavior will vary between age-sex classes in the same 
way as cortisol, reflecting the higher cost of socializing for adult females and 
flanged males. 
5. Socializing with adult female and flanged male social partners will be 
associated with higher rates of self-directed behavior for each age-sex class. 
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4.2 Methods 
4.2.1 Study Period 
Data collection took place over two different periods. From 1994-2002 and in 
2009, social data along with urine samples for cortisol were collected as part of Dr. 
Cheryl Knott’s long-term orangutan study. From July 2013-July 2014 C. O’Connell 
collected self-directed behavior and social data.   
For this study, I am unable to report on temporally matched SDB and cortisol 
samples due to logistical constraints of having biological samples analyzed outside of 
Indonesia. While I aim to do this in the future, the current study examines temporally 
distinct datasets for SDB and cortisol. I examine the social contexts of both measures to 
determine if they are influenced by the same factors and are, therefore, likely to be 
associated in orangutans. 
4.2.2 Study Subjects 
From 1994-2002, and in 2009, 44 individuals were followed and had urinary 
cortisol samples taken; 6 adolescent females, 15 adult females, 14 flanged males, and 9 
unflanged males. I consider independently ranging, young nulliparous females to be 
adolescents, until they conceive for the first time. From then on females are considered 
adult. Flanged males are adult males that have developed fleshy cheek pads and are able 
to produce long calls. Unflanged males are those without cheek pads and are smaller than 
flanged males. 
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During 2013-2014, 33 individuals were sampled; 8 adolescent females, 12 adult 
females, 7 flanged males, and 6 unflanged males were followed and used for SDB 
analyses. 
4.2.3 Behavioral Data 
Data collection period 1994-2002, 2009:  As part of Dr. Cheryl Knott’s long-term 
orangutan study, all occurrences and durations of social parties were recorded.  
Data collection period 2013-2014: During full-day focal follows, ten-minute 
periods of dedicated ‘SDB follows’ were conducted by C. O’Connell (n=1,533 SDB 
follows). SDB rates were recorded for nulliparous females (n=353, 190 were social), 498 
for parous females (188 were social), 407 for flanged males (179 were social), and 275 
for unflanged males (224 were social). 
It can be extremely difficult to stare uninterrupted at wild orangutans in GPNP for 
long periods because they are often very high up in the tall canopy. To avoid under-
counting the true occurrence of SDBs which could take place when they are out of view 
even for a just a few seconds, ten-minute ‘SDB follows’ were conducted as often as 
possible (with a mean of 15 per follow) throughout focal follows, ensuring that the 
observer’s gaze was never averted from the focal animal and all instances of self-
scratching, yawning, and self-grooming were accurately recorded.  SDB rates were 
defined as the number of self-directed behaviors performed per ten minutes. As many 
SDB follows as possible were carried out over the course of a day, attempting to sample 
multiple individuals when possible during a social event. Effort was made to sample each 
individual under both social and non-social conditions. For every SDB follow, it was 
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noted whether or not a conspecific was within 50 meters of the focal, deeming that period 
as social or not. A self-scratch was defined as “raking one’s own hair or skin with 
fingernails” (as defined by Baker and Aureli 1997). Self-grooming was defined as 
picking at or removing something from the skin or hair or moving the hair and inspecting 
the skin as if looking to remove something. Yawning is self-explanatory. SDB follows 
that were performed during obvious scratch-inducing events, such as eating Neesia fruits 
(with their many tiny irritant hairs), an attack by a swarm of bees, or getting covered in 
many termites, were aborted or excluded from analysis.  
4.2.4 Urine Collection by Cheryl Knott’s Field Team and Urine Analysis by Melissa 
Emery Thompson 
 
Field methodologies for urine collection and preservation on filter paper have 
been described elsewhere (Knott 1997). The samples that were used for statistical 
analyses in this study were collected in Gunung Palung National Park from 1994-2002 
and also in 2009 by C. Knott’s long-term field project. These samples were kept frozen 
until they were analyzed by Melissa Emery Thompson of the University of New Mexico. 
M.E.T’s analyses were part of a larger collaboration between M.E.T and C.K. exploring 
multiple hormone measures in the Gunung Palung orangutan population, and the cortisol 
measures were made available for my use in the current study. Urine samples were 
analyzed using competitive enzyme-immunoassay (EIA). All steroid concentrations were 
standardized for creatinine concentration to control for water content (Taussky and 
Kurzmann 1954), and overly dilute samples (Cr < 0.05 mg/ml) were excluded due to the 
tendency for this to over-inflate steroid estimates. 
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To account for diurnal variation of cortisol secretion (Anestis and Bribiescas 
2004), with levels highest in the morning and lowest at night, I only used urine samples 
that were collected first thing in the morning, when the orangutan first emerged from the 
night nest. Orangutan wake time can sometimes vary by many hours, so I also excluded 
any samples collected after 12:00, even if it appeared to be the first urination of the day. 
Cortisol outliers (defined as values that were more than two standard deviations above or 
below the average cortisol level) were calculated for each age-sex class and excluded 
from analysis. Only samples collected the morning after full-day follows that were at 
least 360 minutes long were included in this analysis to ensure that it was known whether 
a social event had taken place the day prior. Urine samples from infants/juveniles and 
overtly sick or injured individuals were excluded from this dataset. A total of 738 
samples were used for data analysis in the current study, with 80 samples from 
nulliparous females, 415 from parous females, 226 from flanged males, and 18 from 
unflanged males. 
4.2.5 Caloric Intake 
 
It has been suggested that orangutans may congregate when they are least food 
stressed, but also may be forced to come together at a rare food source when conditions 
are poor (Sugardjito 1987). Cortisol can be elevated as a result of both psychosocial and 
physical/nutritional stress (Emery Thompson et al. 2010; Whitten et al. 1998), which can 
complicate our understanding of the causes of increased cortisol measures. Therefore, I 
controlled for caloric intake the day before a urine sample was collected as a factor that 
may influence cortisol concentration in urine. Kilocalories consumed per day are 
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estimated via standard methods (Knott 1998; Harrison et al. 2010). See Appendix 4A for 
detailed methodology. 
4.2.6 Data Analysis 
4.2.6.1 Cortisol 
 
General linear mixed models were used to predict cortisol. Cortisol values were 
transformed by square root to in order to approach normality and meet the assumptions of 
the GLMM. Different models were fitted using the factors focal age-sex class, social state 
(social or solitary), and kilocalories consumed. Kilocalories consumed the day before 
urine collection was used as a predictor because I expect nutritional status to influence 
cortisol levels (Emery Thompson et al. 2010; Emery Thompson 2017; Whitten et al. 
1998). The presence or absence of social partners of each age-sex class were not included 
as predictors in these models, as they are for the self-directed behavior models, because 
there was insufficient data within each of those conditions. Models were run using each 
of the factors separately and in all possible combinations, with and without interaction 
effects.  Focal ID was used as a random factor in each model. Akaike’s Information 
Criterion was used to determine the model of best fit.  
4.2.6.2 Self-directed behavior 
 
In order to determine what factors influence rate of SDB, generalized linear 
mixed models (GLMMs) were used to predict SDB rate. A Poisson distribution model 
was used to accommodate count data (number of SDBs per ten-minute increment) as the 
target. Different models were fitted using the factors of focal age-sex class, social state 
(social or solitary). Models were run using each factor separately, and in all possible 
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combinations, with and without interaction effects. Orangutan ID was used as a random 
factor in each model. Akaike’s Information Criterion was used to determine the model of 
best fit.  
Using the parameters of the best-fit model, I also ran models to examine the effect 
of the presence or absence of social partners of each age-sex class on the rate of self-
directed behavior. For instance, does socializing with a flanged male induce more anxiety 
for an adult female than socializing with an adolescent female? I ran a separate model for 
each age-sex class of the social partner with focal age-sex, social state, their interaction, 
the presence or absence of a given age-sex class social partner, and the three-way 
interaction of focal age-sex, social state, and the presence or absence of a given age-sex 
social partner. Focal orangutan ID was used as a random factor in each model. 
4.3 Results 
 
4.3.1 Urinary Cortisol Concentration 
 
In assessing the factors that influence cortisol concentration in urine, multiple 
models were compared using AICc to adjust for small sample size. In the best fit GLMM 
(based on AICc of 9008.65), age-sex, social state, kcals consumed, and the interaction 
between age-sex and social state were used as fixed effects. Only age-sex had a 
significant influence on urinary cortisol concentration (β=155.11, F=6.335, p<0.001, 
Table 4.3.1a). Adult females had significantly higher cortisol than all other age-sex 
classes (compared to adolescent females: t(708)=2.907, p=0.004; compared to flanged 
males: t(708)=2.738, p=0.006; compared to unflanged males: t(708)=2.547, p=0.011) 
(Figure 4.3.1a) and adult females and flanged males had significantly elevated cortisol 
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under social conditions compared to solitary conditions in pairwise comparisons (adult 
female: t(708)=2.266, p=0.024; flanged male: t(708)=2.099, p=0.036) (Figure 4.3.1b). 
Adolescent females and unflanged males did not have significantly different cortisol 
under social and non-social conditions (p=0.754, p=0.990, respectively).  
Because the interaction of age-sex and social state did not contribute significantly 
to the overall model, I also ran a model without this interaction. While the AIC is 
increased slightly (ΔAICc=30.77), indicating a poorer model fit, the effect of social state 
on cortisol is significant (β=31.68, F=6.892, p=0.009). The interaction effect, while not 
significant, improves the model fit while also masking this effect of social state.  
Table 4.3.1a. Fixed effects of the GLMM predicting urinary cortisol concentration 
based on the effect of focal age-sex, social state (social, Y or solitary, N), the 
interaction between them, and kilocalories consumed the day prior to sample 
collection. Significant effects (<0.05) are in bold. 
 F df1 df2 P 
Corrected Model 3.510 8 708 0.001 
Focal age-sex 6.335 3 708 0.000 
Social Y or N 0.896 1 708 0.344 
Kcal consumed 0.166 1 708 0.684 
Focal age-sex*Social Y or N 0.920 3 708 0.431 
 
Additional models were run that included the same factors as the previous best-fit 
model along with the addition of the presence or absence of each age-sex social partner. 
None of these contributed to the models significantly, due to notably small sample sizes 
for each type of social dyad for this cortisol data set.  
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Figure 4.3.1a. Urinary cortisol concentration for each age-sex class as predicted by 
age-sex, social state, their interaction, and kilocalories consumed the day prior to 
urine sample collection. There are significant differences among the age-sex classes 
in urinary cortisol concentration, adult females have significantly higher cortisol 
compared to all other age-sex classes (adolescent females, P<0.001; flanged males, 
p=0.021; unflanged males, p=0.003). 
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Figure 4.3.1b. Mean cortisol of each age-sex class when they are social (YES) and 
not social (NO). Socializing is associated with a significant increase in cortisol in 
adult females (p=0.024) and flanged males (p=0.036). Socializing does not 
significantly influence urinary cortisol for adolescent females or unflanged males. 
 
 
4.3.2 Self-Directed Behavior 
Table 4.3.2a shows the results of the GLMM, and each of the predictor variables 
contributed significantly to the model (focal age-sex: F1,525=3.250, p=0.021; social yes or 
no: F1,525=5.286, p=0.022; focal age-sex*social yes or no: F1,525=3.072, p=0.027). Being 
social is associated with a significantly higher rate of SDB than not being social across 
the population in a pairwise comparison (t(1,525)=2.250, p=0.025) (Figure 4.3.2a). Rate 
of SDB is significantly elevated when the focal is an adolescent female compared to an 
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unflanged male (β=1.399, p=0.003), while the other age-sex classes did not differ 
significantly from unflanged males (Figure 4.3.2b). If the focal is an adolescent female 
and is social, SDB rate is significantly higher than when she is not social (t(1,525)=2.873, 
p=0.004), while these pairwise comparisons were not significantly different for the other 
age-sex classes (Figure 4.3.2c).  
 
Table 4.3.2a. Results of a GLMM predicting rate of self-directed behavior based on 
the effect of focal age-sex, social state (social or solitary), and the interaction 
between focal age-sex and social state on rate of self-directed behavior in wild 
orangutans. 
 F df1 df2 P 
Corrected Model 6.209 7 1,525 0.000 
Focal age-sex 3.250 3 1,525 0.021 
Social state 5.286 1 1,525 0.022 
Focal age–sex *Social state 3.072 3 1,525 0.027 
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Figure 4.3.2a. Rate of self-directed behavior is significantly higher when social 
(YES) compared to not social (NO) when controlling for age-sex class and the 
interaction between age-class and social yes or no (p=0.025). 
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Figure 4.3.2b. Rate of self-directed behavior for each age-sex class when controlling 
for their social state and the interaction between their age-sex class and their social 
state. Adolescent female rate of self-directed behavior is significantly higher than 
each of the other age-sex classes in pairwise comparisons (p=0.033 compared to 
adult females; p=0.045 compared to flanged males; p=0.040 compared to unflanged 
males) while no other differences between age-sex classes were significant. 
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Figure 4.3.2c. Mean rate of self-directed behavior among the age-sex classes under 
social (YES) and non-social (NO) conditions. Rate of self-directed behavior is 
significantly different between the social states for adolescent females only (p=0.003) 
 
Table 4.3.2b shows the significant effects in the model looking at the influence of 
the presence or absence of an adolescent female social partner. While the presence or 
absence of an adolescent female social partner does not have a significant effect on the 
rate of self-directed behavior on its own (β =0.617, F=3.443, p=0.064), the three-way 
interaction among age-sex of focal, social state, and the presence or absence of an 
adolescent female was a significant predictor of rate of self-directed behavior (β=1.23, 
F=8.943, p<0.001). Figure 4.3.2d shows that for an adolescent female focal, being social 
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with another adolescent female is associated with a significantly lower rate (mean 
0.991±0.317) of self-directed behavior than being social with other age-sex classes (mean 
1.826+0.532) (p=0.018). Flanged male focals have significantly higher mean rates of 
SDB when social with adolescent females (0.581±0.192) compared to when they are 
social with other age-sex classes (0.171±0.068) (p=0.008). No other three-way 
interactions were significant – in other words, socializing with adolescent females has no 
significant influence on rate of SDB for adult females or unflanged males (see Table 
4.3.2c). 
Table 4.3.2b. Results of a GLMM predicting rate of SDB based on the effect of focal 
age-sex, social state (social or solitary), interaction between them, the presence or 
absence of an adolescent female social partner, and the three-way interaction 
between the age-sex of the focal*Social state*presence or absence of an adolescent 
female social partner. Significant effects are in bold. 
 F df1 df2 P 
Corrected Model 6.686 11 1,521 0.000 
Focal age-sex 3.871 3 1,521 0.009 
Social Y or N 0.137 1 1,521 0.711 
Focal age-sex*Social Y or N 3.332 3 1,521 0.019 
Adolescent Female Present Y or N 3.443 1 1,521 0.064 
Focal age-sex*Social Y or N*Adolescent Female 
Present Y or N 
8.943 3 1,521 0.000 
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Table 4.3.2c. Pairwise contrasts between an adolescent female social partner not 
present versus present for each focal age-sex class when social. Significant contrasts 
are in bold. 
Focal 
age-sex 
Social 
Y/N 
Adol 
Female 
Present 
Y or N 
Cont. 
Est. 
Std. 
Err. 
t df Adj. 
Sig. 
Low CI 
(95%) 
Upp 
CI 
(95%) 
Adol 
Female 
Y N-Y 0.835 0.353 2.363 1,521 0.018 0.142 1.528 
Y-N -0.835 0.353 -2.363 1,521 0.018 -1.528 -0.142 
Adult 
Female 
Y N-Y -0.014 0.147 -0.094 1,521 0.925 -0.303 0.275 
Y-N 0.014 0.147 0.094 1,521 0.925 -0.275 0.303 
Flanged 
Male 
Y N-Y -0.410 0.155 -2.643 1,521 0.008 -0.714 -0.106 
Y-N 0.410 0.155 2.643 1,521 0.008 0.106 0.714 
Unfl. 
Male 
Y N-Y -0.209 0.150 -1.394 1,521 0.164 -0.504 0.085 
Y-N 0.209 0.150 1.394 1,521 0.164 -0.085 0.504 
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Table 4.3.2d shows the significant effects in the model that examines the 
influence of the presence or absence of an adult female social partner on self-directed 
behavior. While the presence or absence of an adult female social partner does not have a 
significant effect on rate of self-directed behavior on its own (β=0.164, F=0.939, 
p=0.333), the three-way interaction among age-sex of focal, social state, and the presence 
or absence of an adult female was a significant predictor of rate of self-directed behavior 
(β=1.043, F=5.547, p=0.001). Figure 4.3.2e shows that for an adolescent female focal, 
being social with an adult female is associated with a higher rate (mean 1.681±0.528) of 
self-directed behavior than being social with other age-sex classes (mean 1.164±0.385), 
although this difference did not quite reach significance (p=0.055). Flanged male focals 
have significantly lower mean rate of SDB when social with adult females (0.248±0.095) 
compared to when they are social with other age-sex classes (0.598 ±0.218) (p=0.029). 
No other three-way interactions were significant – in other words, socializing with adult 
females has no significant influence on rate of SDB for other adult females or for 
unflanged males (see Table 4.3.2e). 
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Table 4.3.2d Results of a GLMM predicting rate of SDB based on the effect of focal 
age-sex, social state (social or solitary), interaction between them, the presence or 
absence of an adult female social partner, and the three-way interaction between the 
age-sex of the focal*social state*presence or absence of an adult female social 
partner. Significant effects are in bold. 
 F df1 df2 P 
Corrected Model 5.609 11 1,521 0.000 
Focal age-sex 3.018 3 1,521 0.029 
Social Y or N 5.665 1 1,521 0.017 
Adult Female Present Y or N 0.939 1 1,521 0.333 
Focal age-sex*Social Y or N 3.179 3 1,521 0.023 
Focal age-sex*Social Y or N*Adult Female Present 
Y or N 
5.547 3 1,521 0.001 
 
 
Table 4.3.2e. Pairwise contrasts between an adult female social partner not present 
versus present for each focal age-sex class when social. Significant contrasts are in 
bold. 
Focal 
age-sex 
Social  
Y/N 
Adult 
Female 
Present 
Y or N 
Cont. 
Est. 
Std. 
Err. 
t df Adj. 
Sig. 
Low 
CI  
(95%) 
Upp. 
 CI 
(95%) 
Adol 
Female 
Y N-Y -0.516 0.269 -1.919 1,521 0.055 -1.044 0.011 
Y-N 0.516 0.269 1.919 1,521 0.055 -0.011 1.044 
Adult 
Female 
Y N-Y 0.066 0.139 0.472 1,521 0.637 -0.208 0.339 
Y-N -0.066 0.139 -0.472 1,521 0.637 -0.339 0.208 
Flanged 
Male 
Y N-Y 0.350 0.160 2.183 1,521 0.029 0.036 0.664 
Y-N -0.350 0.160 -2.183 1,521 0.029 -0.664 -0.036 
Unfl. 
Male 
Y N-Y -0.060 0.091 -0.661 1,521 0.509 -0.238 0.118 
Y-N 0.060 0.091 0.066 1,521 0.509 -0.118 0.238 
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For the model looking at the effect of the presence or absence of a flanged male 
social partner, the presence of a flanged male social partner has a significant effect on 
rate of self-directed behavior (β= 0.084, F=10.389, p=0.001, Table 4.3.2f), elevating the 
rate of self-directed behavior for adolescent females significantly from a mean of 
1.324±0.392 scratches per 10 minutes when they socialize with adult females, unflanged 
males, or other adolescent females to 2.214±0.685 when they socialize with flanged 
males (p=0.019, Table 4.3.2g, Figure 4.3.2f). A flanged male social partner had no 
significant effect on the adult female rate of self-directed behavior (Table 4.3.2g), and, 
due to the rarity of social events between adult males, there were no data for flanged or 
unflanged male focals for this social condition. 
 
Table 4.3.2f. Results of a GLMM predicting rate of SDB based on the effect of focal 
age-sex, social state (social or solitary), interaction between them, the presence or 
absence of a flanged male social partner, and the three-way interaction between the 
age-sex of the focal*social state*presence or absence of a flanged male social 
partner. Significant effects are in bold. 
 F df1 df2 P 
Corrected Model 7.512 9 1,523 0.000 
Focal age-sex 3.785 3 1,523 0.010 
Social Y or N 1.801 11 1,523 0.180 
Focal age-sex*Social Y or N 1.984 3 1,523 0.114 
Flanged Male Present Y or N 10.389 1 1,523 0.001 
Focal age-sex*Social Y or N*Flanged Male Present 
Y or N 
0.059 1 1,523 0.808 
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Table 4.3.2g. Pairwise contrasts between a flanged male social partner not present 
versus present for each focal age-sex class when social. Significant contrasts (<0.05) 
are in bold. The data set contained no instances of flanged males associating with 
other males. 
Focal 
age-sex 
Social 
Y/N 
Flanged 
Male 
Present 
Y or N 
Cont. 
Est. 
Std. 
Err. 
t df Adj. 
Sig. 
Low. 
CI 
(95%) 
Upp. 
CI 
(95%) 
Adol 
Female 
Y N-Y -0.890 0.378 -2.355 1,523 0.019 -1.631 -0.149 
Y-N 0.890 0.378 2.355 1,523 0.019 0.149 1.631 
Adult 
Female 
Y N-Y -0.250 0.155 -1.620 1,523 0.105 -0.053 0.053 
Y-N 0.250 0.155 1.620 1,523 0.105 -0.053 0.553 
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The presence or absence of an unflanged male social partner did not significantly 
contribute to the model on its own (p=0.451, Table 4.3.2h). However, the three-way 
interaction of focal age-sex, social state, and the presence or absence of an unflanged 
male social partner does significantly influence the rate of SDB (β=0.401, F=7.505, 
p<0.001, Table 8). More specifically, for an adolescent female focal, socializing with an 
unflanged male is associated with a significantly lower rate of SDB (mean 1.150±0.374) 
than socializing with other age-sex classes (mean 1.717±0.537) (p=0.030, Table 4.3.2h, 
Figure 4.3.2g). No other age-sex classes’ rate of self-directed behavior were significantly 
affected by the presence or absence of an unflanged male (Table 4.3.2i).  
 
Table 4.3.2h. Results of a GLMM predicting rate of SDB based on the effect of focal 
age-sex, social state (social or solitary), interaction between them, the presence or 
absence of an unflanged male social partner, and the three-way interaction between 
the age-sex of the focal*social state*presence or absence of an unflanged male social 
partner. Significant effects (<0.05) are in bold. 
 F df1 df2 P 
Corrected Model 6.288 11 1,521 0.000 
Focal age-sex 3.283 3 1,521 0.020 
Social Y or N 3.904 1 1,521 0.048 
Focal age-sex*Social Y or N 1.659 3 1,521 0.174 
Unflanged Male Present Y or N 0.567 1 1,521 0.451 
Focal age-sex*Social Y or N*Unflanged Male 
Present Y or N 
7.505 3 1,521 0.000 
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Table 4.3.2i. Pairwise contrasts between an unflanged male social partner not 
present versus present for each focal age-sex class when social. Significant contrasts 
(<0.05) are in bold. 
Focal 
age-sex 
Social 
Y/N 
Unfl. 
Male 
Present 
Y or N 
Cont. 
 Est. 
Std. 
Err. 
t df Adj. 
Sig. 
Low. 
 CI  
(95%) 
Upp. 
CI 
(95%) 
Adol 
Female 
Y N-Y 0.567 0.262 2.168 1,521 0.030 0.054 1.080 
Y-N -0.567 0.262 -2.168 1,521 0.030 -1.080 -0.054 
Adult 
Female 
Y N-Y 0.192 0.123 1.570 1,521 0.117 -0.048 0.433 
Y-N -0.192 0.123 -1.570 1,521 0.117 -0.433 0.048 
Flanged 
Male 
Y N-Y -0.718 0.376 -1.909 1,521 0.056 -1.456 0.020 
Y-N 0.718 0.376 1.909 1,521 0.056 -0.020 1.456 
Unfl. 
Male 
Y N-Y -0.169 0.212 -0.797 1,521 0.425 -0.586 0.247 
Y-N 0.169 0.212 0.797 1,521 0.425 -0.247 0.586 
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4.4 Discussion 
4.4.1 Cortisol 
Socializing is associated with an increase in cortisol concentration in the Gunung 
Palung orangutan population. Being the most social age-sex class and having the highest 
average rate of self-directed behavior, it might be expected that adolescent females 
should have high levels of cortisol. However, adult females have the highest cortisol 
levels of all age-sex classes and adolescent females have relatively moderate levels. 
These findings may be explained by the connection between cortisol and energetic stress. 
Adult females have the added energetic burden of motherhood compared to the other age-
sex classes, having to carry their babies as they travel through the canopy (Knott 2004) 
and produce milk to sustain their offspring (Clutton-Brock et al. 1989; Emery Thompson 
2013; Gittleman and Thompson 1988; Emery Thompson et al. 2012). Adult females with 
offspring are more energetically constrained than non-lactating nulliparous females, 
which may mask any social effects on cortisol levels in adolescent females in my dataset. 
This also may help explain the reduced tendency of adult females to socialize compared 
to younger, nulliparous females (Chapters 2 and 3). Galdikas (1995) has argued that 
sociality is less costly for adolescent females than for adults because of their smaller body 
size, long day ranges, and ease of travel. These young females likely benefit from 
socializing due to the social learning opportunities it provides, potential increased 
foraging efficiency, protection from “enemies”, and the context it provides for 
establishing hierarchical relationships and affiliative bonds (Galdikas 1995).  
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Unflanged males had the lowest urinary cortisol concentration of all age-sex 
classes. This finding is consistent with the findings of Maggioncalda et al. (2002) who 
reported that unflanged males had lower cortisol than developing males and flanged 
males in captivity. The low level of stress hormone in unflanged males is a likely 
reflection of ‘arrested development’ as a strategy for avoiding the costs of being a fully 
developed male, which is energetically costly and comes with a higher risk of engaging 
in physical aggression (Maggioncalda et al. 2002). Flanged status is energetically costly 
to maintain, so much so that it cannot be maintained indefinitely. Within Gunung Palung 
National Park, flanged males are seen to begin losing their status after a few years, with 
their cheek pads drooping as they appear to lose the fat deposits that support them (Knott, 
in prep).  
4.4.2 Self-directed behavior 
Being social is associated with higher levels of anxiety compared to solitary 
conditions in orangutans in Gunung Palung National Park. Adolescent females appear 
particularly anxious when socializing compared to others, as indicated by their high rates 
of self-directed behavior. Socializing with flanged males or adult females, in particular, 
elicits anxiety in this age-sex class. Adolescent females are the most social age-sex class 
(Galdikas 1985a, 1995) and they seek and maintain social associations more regularly 
than other age-sex classes (Chapter 3). Adolescent females must gain meaningful benefits 
from associating with flanged males and adult females in order to overcome the cost of 
anxiety that these groupings are associated with. Interestingly, socializing with another 
adolescent female seems to reduce anxiety for adolescent females. In this data set, when 
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adolescent females were in association with another adolescent female, there was almost 
always (96% of time) an additional orangutan present. It appears that adolescent females 
may serve as social buffers for one another, making associating with other conspecifics 
less anxiety-inducing. Some have argued that indirect social support (the mere presence 
of kin in social groups) can reduce stress as measured through fecal glucocorticoids 
(Scheiber et al. 2005). Cheney and Seyfarth (2009) have argued that it is the quality of 
social bonds that reduces stress in female monkeys, rather than sociality itself. 
Orangutans display relatively few overt affiliative behaviors and almost never show 
coalitionary behavior (but see Marzec et al. 2016), so the support that nulliparous females 
provide one another appears to be subtle and indirect. Associating with a peer crowd has 
been found to be protective against feelings of social anxiety in human adolescents 
(Greca and Harrison 2005) and the same appears to be true for orangutans. For this study, 
I was able to sample only one male that I knew to be adolescent so it is not clear if male 
adolescent orangutans might also benefit from associating with age-mates when social 
with others.  
Parallel dispersal occurs in many species (Schoof et al. 2009), easing the 
transition to a new social landscape and offering ‘safety in numbers.’ Male coalitionary 
behavior is the best predictor of parallel dispersal (Schoof et al. 2009), however, and 
male coalitions are absent in orangutans. From my limited observations of the single 
known adolescent male I observed in this study period, along with additional 
observations of two suspected adolescent males (it is difficult to know the age of 
unflanged males if they are new to the research area), it seems that they spend most of 
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their social time with adolescent or adult females. Galdikas (1985b) has reported that 
‘subadult’ males (unflanged males, which would include both adolescent and older adult 
unflanged males) are rather social in general but that it is mostly with females. Future 
observations of known young males that are observed as they achieve ranging 
independence will help to shed light on the nature of adolescent male orangutan social 
behavior. 
The rate of self-directed behavior in adolescent females was also significantly 
reduced when they associated with an unflanged males compared to socializing with 
other classes. In Chapter 3 I discussed the highly affiliative nature of adolescent female-
unflanged male relationships. Adolescent females’ low levels of anxiety behavior when 
in association with unflanged males lends additional support to the idea that close 
affiliative associations with unflanged males may have fitness benefits for adolescent 
female orangutans, or at the very least, come at a lower cost than associating with adult 
females or flanged males. 
Orangutans are so often ranging alone that it is difficult to get an accurate picture 
of the social dynamics of a study population. Self-directed behavior may be a useful way 
to assess the quality of dyadic relationships and may be helpful in aiding our 
understanding of these socially cryptic apes. Researchers have suggested that self-
directed behavior can represent “tension” in dyadic relationships and provide a means of 
quantifying relationship quality (Silk et al. 2013). A growing body of literature shows 
that social bonds have fitness consequences (Silk et al. 2013; Silk et al. 2003; Cameron et 
al. 2009; Schülke et al. 2010), and quantifying the nature of social relationships offers an 
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analytical tool for understanding the evolution of social behavior. With low frequency of 
social interaction, few orangutan studies have attempted to examine the nature of social 
relationships, and simply document the occurrence of social associations to report rates of 
association and the basic categories of encounters including feeding aggregations, 
consortships, travel bands, aggressive encounters, and offspring play associations (Mitani 
et al. 1991; van Noordwijk et al. 2012). Research on wild orangutan behavior has yet to 
include self-directed behavior as a regular part of data collection, although several studies 
on captive orangutans have explored this (Amrein et al. 2014; Elder and Menzel 2001). 
Quantifying the characteristics of social relationships in the wild can help us begin to 
understand the nature of the orangutan social system and whether or not social bonds 
have implications for their reproductive fitness.    
Uncertainty and unpredictability of the behavior of a social partner has been used 
to explain patterns of self-directed behavior in other species (Castles and Whiten 1998; 
Kutsukake 2003; Manson and Perry 2000). Adolescent female orangutans are relatively 
new to ranging independently and must work to establish their own relationships with the 
individuals they will likely encounter in their overlapping home ranges (Knott et al. 
2008). Adult females are often aggressive towards adolescent females that associate with 
them, aggressively chasing and lunging at and occasionally swatting at them. Despite 
this, adolescent females persist in following adult females (Chapter 3), albeit cautiously, 
displaying vigilance and the increased self-directed behavior reported here. It seems that 
uncertainty does likely play a role in the tension within these social encounters, but 
adolescent females seek them out anyway. When it comes to associating with other 
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adolescent females, on the other hand, these young females likely have knowledge of 
many of their age-mates from ‘play groups’ they joined when they ranged with their 
mothers – adult females with similarly aged offspring often come into proximity and 
allow their dependents to play with other young orangutans (van Noordwijk et al. 2012). 
Being similarly sized and having previous knowledge of their social tendencies would 
reduce the degree of uncertainty and tension in these associations, thereby making them 
less anxiety inducing as has been shown here through the lower rate of self-directed 
behavior for adolescent females when they are social with one another. 
4.4.3 Self-directed behavior and cortisol – are they associated? 
A number of studies have found no association between fecal glucocorticoids and 
self-directed behavior (Amrein et al. 2014; Higham et al. 2009; Ulyan et al. 2006; Ellis et 
al. 2011; Elder and Menzel 2001). Amrein et al. (2014) examined cortisol concentration 
in feces of zoo-housed Bornean orangutans and found that individuals did not have 
elevated rates of self-directed behavior and elevated cortisol at the same time, although 
on average, individuals who scratched themselves more also had higher mean cortisol 
levels. Elder and Menzel (2001) found no association between salivary cortisol and self-
directed behavior in a captive orangutan during a computerized task, although only a 
single individual was involved in this study and cortisol has high levels of inter-
individual variation (Del Giudice et al. 2011).  
It has been suggested that because self-directed behavior may be a coping strategy 
in the face of stressful stimuli that we do not see elevations in cortisol with acute stressors 
that evoke increased self-directed behavior (Higham et al. 2009; Maestripieri et al. 1992; 
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Watson et al. 1999; Amrein, Heistermann, and Weingrill 2014; Troisi 2002). While I was 
unable to examine the direct association between self-directed behavior and cortisol here, 
I did find that they both increase across individuals under social conditions. Among the 
different age-sex classes, however, the patterns of self-directed behavior and cortisol 
were not the same. For example, adult females had the highest levels of cortisol but not 
the highest rate of self-directed behavior. It may be that adult females do not experience 
anxiety - as manifested by an increase in self-directed behavior - when they are in the 
presence of conspecifics because they are established in the social landscape and are 
aware of their social standing with individuals they encounter regularly. Self-directed 
behavior can be an effective way to examine more acute stress, or tension, in social 
relationships of wild orangutans, while cortisol may be a better metric for examining 
stress more broadly or in response to more dramatic social events/interactions such as an 
aggressive encounter. It is also possible that energetic stress is a more pertinent stressor 
for orangutans than is social anxiety, while the opposite appears true for chimpanzees 
(Emery Thompson et al. 2010). Future studies should further investigate the 
physiological correlates of self-directed behavior in wild orangutans, and use matched 
self-directed behavior and cortisol data to explore whether they are associated.  
4.4.4 Exploring Social Bonds in Wild Orangutans 
Our finding that nulliparous females may buffer one another from social anxiety 
raises the question of whether social bonds are important and confer fitness benefits for 
orangutans. Is there adaptive value for social bonds in orangutans?  It is very difficult to 
measure reproductive success in orangutans because they are very long-lived, with 
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extremely long interbirth intervals, and individuals can go unfollowed by observers for 
years at a time. It could be helpful, then, to examine other factors that can serve as 
proxies for fitness, such as home range quality. Do individuals with stronger social 
relationships have better home range quality? Perhaps this relationship changes over the 
lifespan. Social bonds may be important for nulliparous females who are actively 
establishing their own home ranges but then become less important — or too costly —to 
maintain once they begin reproducing. Exploring the answers to these types of questions 
will elucidate whether social bonds are adaptive for orangutans, whose sociality has often 
been underestimated. 
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CHAPTER FIVE: THE COST OF ORANGUTAN SOCIALITY PART II: RISK OF 
PARASITE TRANSMISSION 
 
5.1 Introduction 
 
Intestinal parasites have the potential to exert strong selective pressure on hosts.  
There are significant immunological and metabolic costs to parasitic infection (Nunn and 
Altizer 2006). These physiological costs of parasites can be dire enough to increase the 
risk of death and extinction (Smith et al. 2006; Stoner 1996). Given these high costs, we 
expect animals to have strategies to mitigate the risk of parasite exposure in order to 
prevent infection (Curtis 2014). “Behavioral immunity” is an animal’s first line of 
defense against disease - behaving in such a way that reduces contact with pathogens, as 
to avoid the cost of mounting an immune response (Schaller 2011). These strategies can 
include ranging behavior that avoids contact with areas of high risk (Bicca-Marques and 
Calegaro-Marques 2016), finding or creating new sleeping sites each night (Hausfater 
and Meade 1982), and avoidance of conspecifics who may carry pathogens (Curtis 2014). 
As living in social groups carries the risk of contracting pathogens from others, animals 
must negotiate this cost with the benefits that being social may confer.  
Orangutans provide a unique opportunity to study an ape with asocial tendencies 
to investigate the costs associated with relatively rare social encounters. Orangutans are 
semi-solitary, and this is attributed to their large body size combined with their living in a 
habitat that is noted for overall low and unpredictable fruit productivity (Marshall et al. 
2009). Much of orangutan behavior seems to reflect social aversion. Active avoidance 
has been documented among adult females despite a high degree of home range overlap 
(Knott et al. 2008). Orangutans are also known for high levels of resisted mating by 
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females (van Noordwijk et al. 2012) and mating is observed relatively infrequently 
(Galdikas 1981). Adult males are typically extremely intolerant of one another, although 
unflanged males occasionally associate (Utami Atmoko et al. 2009). Perhaps these 
examples of social aversion reflect an aspect of orangutan behavioral immunity. It has 
been documented in several animal species that individuals infected with parasites can be 
detected and avoided by conspecifics (Kavaliers and Colwell 1995; Poirotte et al. 2017). 
Different orangutan age-sex classes display different tendencies for socializing, with 
adolescent females displaying the highest degree of sociality and flanged males the 
lowest (Chapter 2). I explore whether these differences in social tendencies are apparent 
in parasite infection patterns across the age-sex classes, reflecting shifting cost-benefit 
ratios for socializing across the lifespan. I also consider differences in patterns of 
sociality among different orangutan populations how this might influence the dynamics 
of parasite infection at different study sites and between the two islands of Borneo and 
Sumatra. 
5.1.1 Primate Intestinal Parasite Ecology 
Primate intestinal parasitology has been incorporated into many primate field 
studies (Bakuza and Nkwengulila 2009; Barelli and Huffman 2016; Bicca-Marques and 
Calegaro-Marques 2016; Freeland 1976, 1976; Friant, Ziegler, and Goldberg 2016; 
Gillespie et al. 2010; Labes et al. 2010; Stoner 1996), as it can help us understand the 
ecology and health of wild primate populations and inform conservation efforts (Smith et 
al. 2006). Beyond its use as a measure of health, wild primate parasitology may 
contribute to our broader understanding of socioecology, as parasites are expected to 
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exert selective pressure on social behavior due to the risk of inter-individual transmission 
(Altizer et al. 2003). Intestinal parasites can be transmitted in various ways, largely 
through the oral-fecal route, as with protozoans and many helminths, but also through 
direct contact with contaminated soil or surfaces, as hookworms and Strongyloides can 
enter the body through the skin. Behaviors that reduce contact with environmental 
sources of parasite infection include non-territorial ranging (Nunn and Dokey 2006) and 
alternating sleep locations (Hausfater and Meade 1982).  
Intestinal parasites are often examined in relation to ecological conditions such as 
rainfall patterns and habitat disturbance. Parasite prevalence among hosts can vary 
between wet and dry seasons due to changes in the hospitality of the environment for 
microorganisms, and also in response to associated changes in ranging behavior and food 
availability between seasons (Appleton and Henzi 1993; Bakuza and Nkwengulila 2009; 
Gillespie et al. 2010). Some researchers who have found that wild mammal populations 
have higher parasite prevalence during the dry season compared to the wet season 
attribute this largely to compromised health and immunity, due to lower nutritional intake 
under dry conditions and/or greater risk of exposure due to large numbers of animals 
congregating at limited water sources (Appleton and Henzi 1993 in baboons; Bakuza and 
Nkwengulila 2009 in chimpanzees; Van Geldorp and Schillhorn Van Veen 1976 in 
sheep). However, others have found that wetter conditions are associated with elevated 
prevalence of certain parasites (Huffman et al. 1997). Differences in the directionality of 
the associations can be attributed to a multitude of factors, including the life cycle of the 
parasites in question and changes in the behavior of the hosts under different conditions 
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(Foitova et al. 2009). Some parasite species appear to increase under wetter climatic 
conditions, while others do not (Foitova et al. 2009; Huffman et al. 1996). Primates often 
display different ranging behavioral patterns in different seasons or as food availability 
shifts, which may differentially influence their exposure to feces (Freeland 1980; Olupot 
et al. 1997). It has been noted that wet and dry seasons are not necessarily indicative of 
high and low food availability and may be a very poor proxy for nutritional status of 
forest inhabitants (Knott 2005; White 1998). It may be that climatic conditions influence 
the abundance of parasites in the environment and therefore influence the risk of 
exposure for hosts, but it may also be that the nutritional status of individuals (which may 
vary by season or not, depending on the primate species and the habitat they live in) 
influences host susceptibility to infection.  
5.1.2 Parasites and Sociality 
Primate parasites have also been explored in the context of social conditions. Risk 
of parasite transmission is predicted to be a selective pressure on primate sociality 
(Freeland 1976; Altizer et al. 2003; Nunn and Altizer 2006). Increased sociality is 
expected to lead to greater opportunities for parasite transmission due to contact with 
more individuals and their feces (Nunn and Altizer 2006). Accordingly, it has been found 
that rehabilitant orangutans living in close contact with conspecifics have higher parasite 
prevalence than their wild counterparts (Labes et al. 2009). Studies of wild chimpanzees 
and colobus monkeys have also found that social groups that maintain closer proximity 
between individuals, and have smaller ranges, have higher parasites than those who have 
greater group spread (Snaith et al. 2008; Gillespie et al. 2010). However, other studies 
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have not found this association between population density and parasite prevalence and, 
in the case of howler monkeys, point to humidity as a more important influence on 
parasite prevalence (Stoner 1996; Stuart, Strier, and Pierberg 1993). As howler monkeys 
may be less interactive than other monkey species living in similar habitats (Altmann 
1959; Perry, Manson, and Perry 2009), the relative influence of population density on 
howlers compared to more interactive species may be reduced. It is likely, then, that 
population density may not be a sufficient proxy for social contact and detailed 
observations of social behavior may be more telling in regards to an association between 
sociality and parasite infection. In support of this view, Rimbach et al. (2015) found that 
physical contact networks predicted parasite infection patterns in brown spider monkeys, 
while proximity networks did not. The degree of physical contact and proximity between 
group members offers a better metric than group association alone for understanding how 
sociality influences parasite infection. It has recently been reported that mandrills avoid 
grooming parasitized group members through detection of odors associated with 
intestinal parasites (Poirotte et al. 2017). These findings show that primates can 
facultatively adjust their social behavior to avoid parasite infection and raises the 
possibility that variation in orangutan social behavior could potentially be influenced by 
parasite infection risk. 
5.1.3 Orangutan Sociality 
The prediction of greater social contact leading to higher parasite risk may be 
particularly interesting to apply to different orangutan populations. Sumatran orangutans 
are said to be more social than their Bornean counterparts, which has been attributed to 
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higher fruit availability on Sumatra (Husson et al. 2009; Marshall et al. 2009). Within 
Borneo, different populations live at varying population densities, although large-scale 
direct comparisons of social association rates between sites are lacking. Mitani (Mitani et 
al. 1991) did compare association patterns between two Bornean sites - Kutai and 
Gunung Palung. While his findings revealed a higher degree of sociality at Kutai than 
that at Gunung Palung, Mitani noted that earlier studies (Rodman 1973) reported 
different patterns of sociality at Kutai that more closely resembled those he reported for 
Gunung Palung. Mitani attributes this to temporal variation between these two study 
periods in the availability of mates (Mitani 1991). It is worth noting that nulliparous 
females are absent from Mitani’s analyses, and, since they are the most social age-sex 
class (Galdikas 1985a), that study probably underestimated overall sociality.  Temporal 
variation in fruit availability, the demographics of the study population, and life history 
all influence degree of gregariousness at Gunung Palung (Chapter 2), so these would all 
need to be considered in order to establish a reliable metric for comparing sociality across 
different sites.   
Different age-sex classes of orangutans display differing degrees of sociability.  
Nulliparous females are more social than others (Galdikas 1985), with a greater 
percentage of their follow days containing a social association than any other age-sex 
class (Chapter 2). These young, independently ranging females also display more 
affiliative physical contact than the other classes, occasionally sitting and resting or 
eating while in contact with an age-mate, engaging in play wrestling with infants and 
juveniles, friendly touching of unflanged males, and initiating sexual contact with flanged 
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males (Chapter 3). While such behavior is not completely absent in the other age-sex 
classes, it is exceedingly rare. Adult females spend time in association with others, but 
often avoid one another (Knott et al. 2008), are aggressive towards nulliparous females 
that follow them around, and display negligible affiliative physical contact outside of 
their dependent offspring for nursing/traveling or during mating (which is frequently 
resisted). (van Noordwijk et al. 2012) showed that Bornean mothers at Tuanan typically 
associate to allow their dependents play time with other young orangutans, but noted that 
the adult females generally do not interact during these associations. Unflanged males 
spend most of their time alone, but do seek the company of females, while flanged males 
will aggressively chase them away from sexually receptive females (Chapter 2). Flanged 
males spend even more time alone, but do engage in long consortships with sexually 
receptive females, and tolerate the keen interest of nulliparous females (Chapter 2). 
5.1.4 Orangutan Parasites 
On Sumatra, females are reported to have higher parasite prevalence than males 
which has been attributed to their spending more time in social association than males 
(Mul et al. 2007; Foitova 2009). On Borneo, on the other hand, one study reported that 
males have higher parasite prevalence than females (Labes et al. 2010). Since Bornean 
males are less social than females just as they are on Sumatra, this finding was attributed 
instead to the fact that Bornean males have greater contact with the ground, as they come 
down from the trees frequently to travel, whereas this behavior is very rare at Sumatran 
sites (Delgado and Van Schaik 2000; Labes et al. 2010). Kuze et al. (2010) found 100% 
overall parasite prevalence in both parous females and adult males at the north Bornean 
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site, Danum Valley. Individual parasites had similar rates of occurrence between the 
sexes, with only Strongyloides fuelleborni sp. being notably higher in males - 50% in 
unflanged, 60% in flanged and absent in parous females. It is possible that this could be a 
reflection of differing degrees of terrestriality, as Strongyloides fuelleborni sp. is a soil 
transmitted helminth, although other soil-transmitted helminths did not show the same 
marked sex difference.   
Population density has been suggested to influence parasite risk in orangutans, as 
a greater number of individuals in a given area increases the chances of contact with 
others and their feces (Nunn et al. 2003). Orangutans at Gunung Palung live at a density 
of approximately 3 individuals per square kilometer (Johnson 2005). This is a higher 
density than reported for orangutans at Sabangau (2.3) and Kinabatangan (2.1), equal to 
the density at Tanjung Puting, and a lower density than at Tuanan (4.25-4.5) (Husson et 
al. 2009). If population density has an influence on parasite transmission risk in a semi-
solitary primate, we would expect parasite species richness to be moderate at Gunung 
Palung – higher than that at Sabangau and Kinbatangan, but lower than that at Tuanan.  
Another possibility that has been cited to affect primate parasite prevalence is 
habitat disturbance. Logging and human encroachment into forests increase the degree of 
contact with humans (Campbell-Smith et al. 2011b, 2010, 2011a) and also disrupts the 
forest canopy. While many orangutan study sites consist of degraded secondary forest, 
Gunung Palung National Park is comparatively pristine primary rainforest (Husson et al. 
2009). While Gunung Palung has experienced some illegal logging over the years, it is 
generally regarded as less disturbed than other Bornean study sites, and has a higher 
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canopy (Husson et al. 2009; Knott, 2004). Orangutans are predominantly arboreal, 
spending the vast majority of their time feeding, traveling, and sleeping in the trees. 
Hardus et al. (2012) found that orangutans in disturbed forested areas traveled on or close 
to the ground more than those in undisturbed areas. Using camera traps, Ancrenaz et al. 
(2014) found that habitat disturbance did influence the degree to which orangutans were 
terrestrial, but that all age-sex classes traveled on the ground regardless of continuous 
canopy. All age-sex classes have been observed on the ground at Gunung Palung, albeit 
infrequently, with the exception of several flanged males who have been recorded to 
spend significant time on the ground. Past analysis of terrestriality at Gunung Palung 
reported an average of only 0.4% of flanged male focal follow time spent on the ground 
(Knott 2004). Without data to compare proportions of time spent on the ground at 
different sites (recent studies use photographs from camera traps and report percent of 
photographs taken in which orangutans are on the ground rather than direct observation 
of time spent on the ground), it is assumed through qualitative descriptions that 
orangutans at Gunung Palung have less ground travel compared to other Bornean sites. 
Given that habitat degradation and ground travel are known to alter parasite infection in 
primates, the orangutan population in Gunung Palung is predicted to display low parasite 
prevalence.   
5.1.5 Objectives and Hypotheses 
Intestinal parasites have not yet been examined at Gunung Palung National Park. 
As anthropogenic disturbance increases we expect greater contact between orangutans 
and humans, increased population density as forest area is reduced and orangutans are 
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forced to occupy smaller tracts of forest, and increased ground travel leading to more 
contact with feces from various species (Campbell-Smith et al. 2011b, 2011a, 2010). One 
aim of this study was to establish a baseline of orangutan parasite infection from which 
patterns can be monitored over time. I also test the hypothesis that greater sociality leads 
to increased parasite infection risk. Based on knowledge from previous parasitology 
studies, and our understanding of orangutan behavior, the following predictions were 
made: 
1. Since nulliparous female orangutans are the most social age-sex class 
(Carne et al. 2013; Galdikas 1985; Chapter 2,3), I predict they will have the highest 
prevalence of parasites at Gunung Palung.  While adult females and flanged males may 
be more energetically stressed (Chapter 4), they lack the social contact that is expected to 
increase exposure to parasites (Chapter 2). 
2. Since orangutans at Gunung Palung appear to display slightly less ground 
travel and live in a less disturbed habitat, I predict that Gunung Palung orangutans will 
have lower parasite prevalence compared to other sites on Borneo.  
3. Since orangutans on Borneo are less social than those on Sumatra, I 
predict lower parasite prevalence at Gunung Palung than that reported for a Sumatran 
site. 
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5.2 Methods 
 
5.2.1 Study Period 
Samples were collected and analyzed on-site from July 2013 until July 2014. 
5.2.2 Study Subjects 
Forty unique individuals were sampled including 8 independently ranging 
nulliparous females, 9 parous females, 10 flanged males, 7 infants/juveniles, and 6 
unflanged males. I analyzed 185 samples, with 1-21 samples collected per individual, 
with an average of 4.4 samples per orangutan (see Table 5.2.3a).  
 
Table 5.2.3a. Infection status for each parasite per orangutan, and the number of 
fecal samples analyzed per individual. 
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Aminah F Adolescent No No No Yes No 1 
Betsy F Adolescent Yes Yes Yes Yes No 6 
Dagul F Adolescent Yes Yes No Yes No 3 
Dinda F Adolescent Yes Yes Yes Yes No 3 
Linda F Adolescent No Yes Yes Yes No 3 
Wadi F Adolescent Yes Yes Yes Yes No 4 
Walimah F Adolescent Yes Yes Yes Yes No 21 
XF F Adolescent Yes Yes No Yes No 1 
Kan M Adolescent Yes Yes Yes Yes Yes 4 
Asny F Adult Yes Yes No Yes Yes 2 
Beth F Adult Yes Yes Yes Yes No 6 
Bibi F Adult Yes Yes Yes Yes No 13 
Delly F Adult Yes Yes Yes Yes No 6 
Dewi F Adult Yes Yes No Yes No 6 
Joy F Adult Yes Yes No Yes No 2 
Jumi F Adult Yes Yes No Yes No 3 
Kabar F Adult Yes Yes Yes Yes No 2 
XI F Adult Yes Yes No Yes No 1 
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Balu M Flanged Yes Yes Yes Yes No 5 
Codet M Flanged Yes Yes Yes Yes No 11 
Logan M Flanged Yes Yes Yes Yes No 2 
Manda M Flanged Yes Yes Yes Yes No 6 
Morris M Flanged No Yes No Yes Yes 3 
Ongok M Flanged No Yes No Yes No 2 
Prabu M Flanged Yes Yes Yes Yes Yes 9 
Rama M Flanged Yes Yes No Yes No 1 
Syklops M Flanged Yes Yes Yes Yes No 8 
XL M Flanged Yes Yes No Yes Yes 2 
Anik F Infant/Juv No Yes No Yes Yes 1 
Benny M Infant/Juv Yes Yes No Yes No 3 
Berani F Infant/Juv Yes Yes No Yes No 7 
Dolia F Infant/Juv Yes Yes Yes Yes Yes 4 
Duwyck F Infant/Juv Yes Yes Yes Yes Yes 3 
Fery M Infant/Juv Yes Yes No Yes Yes 1 
Bilbo M Unflanged Yes Yes Yes Yes Yes 3 
Jumanji M Unflanged Yes Yes No Yes No 1 
Malik M Unflanged Yes Yes Yes Yes No 10 
Mr. Kecil M Unflanged No Yes No Yes No 4 
Yoda M Unflanged Yes Yes Yes Yes Yes 4 
Zorro M Unflanged No Yes No Yes No 2 
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5.2.3 Fecal Samples 
C. O’Connell was trained in parasitology collection, analysis, and identification 
by parasitologists, Dr. Jean Mukherjee of the Cummings School of Veterinary Medicine 
at Tufts University, and Dr. Ivona Foitova of Masaryk University, Czech Republic. 
Samples were collected opportunistically during focal follows when the identity of the 
individual was known.  Plastic centrifuge tubes (15 ml) were pre-filled one-quarter of the 
way with SAF (sodium-acetate-acetic-acid formalin). Latex gloves and a surgical 
facemask were worn starting at this point, until the slide was prepared and covered with a 
cover slip. A wooden tongue depressor was used to scoop feces from the center of the 
fecal mass, being sure not to take any that might be contaminated by the surrounding 
environment (i.e. parts that have touched the ground). One to three grams of feces were 
placed carefully into the tube using the wooden stick, and then the tube was secured 
tightly. The cap of the tube was wrapped in a small amount of Parafilm to prevent leakage 
of the solution inside. The tubes were shaken thoroughly to ensure that all fecal material 
made contact with the SAF, immediately killing any parasites present and preserving 
them for later sedimentation examination in a laboratory setting. The orangutan ID, date, 
and a unique identifying number were written on the tubes in permanent marker. 
	
5.2.4 Fecal Analyses 
Fresh fecal samples were analyzed on-site through both direct smear and fecal 
concentration by flotation techniques. Before performing any analyses, the samples were 
weighed using an electronic balance. For direct smear, a small amount of feces was then 
mixed with a few drops of water and one or two drops of the mixture placed on a slide. 
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The mixture was covered with a cover slip and examined under a compound light 
microscope using the 10x objective lens, systematically searching for parasite ova, larvae 
and protozoa. Photographs were taken as vouchers of any known or suspected parasites 
using the 40x objective lens and a Moticam 5 microscope camera. 
For flotation, three grams of feces were mixed with 15-20 ml of Sheather’s sugar 
flotation solution in a small cup to create a well-mixed fluid suspension. The suspension 
was then poured through a strainer into a second cup. The supernatant was decanted into 
a 15 ml conical centrifuge tube, the cap secured, and then centrifuged for five minutes at 
1200 rpm (75 turns of the handle per minute on hand-cranked centrifuge). Flotation 
solution was then added drop by drop until a reverse meniscus was created. A cover slip 
was placed over the tube and allowed to sit for 10 minutes. The cover slip was then lifted 
directly upward and placed on a slide, with the cysts, eggs, and larvae having floated to 
the top of the centrifuge tube and thus sticking to the slide. The entire slide was then 
examined using the 10x objective lens to search for ova, larvae, and protozoa. 
Photographs were taken as vouchers of any known or suspected parasites, using the 40x 
objective lens and a Moticam 5 microscope camera. 
5.2.5 Parasite Identification 
Parasites were identified based on their size, shape, and key morphological 
characteristics and through the reference of a photo guide from www.cdc.gov. 
Identification was based on the following descriptions: 
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Balantidium sp.: Protozoan parasite that has brown, spherical cysts that have cilia 
on the outside. Cysts range from 45-65 µm and a macronucleus is visible in young cysts, 
while older cysts appear granular inside. 
Enatmoeba sp.: Protozoan parasite with spherical cysts much smaller than 
Balantidium, ranging from 5-60 µm depending on the species, but usually 10-25 µm. 
Nuclei are occasionally visible on an unstained slide (1-8 nuclei). 
Enterobius sp. (pinworm): Nematode egg with a smooth thin shell. The egg is 
elongated and asymmetrical with one side flattened and the other side convex. They 
typically range from 50-60 x 20-32 µm. They sometimes contain a visible, fully 
developed larva. 
Strongyle-type: Nematode eggs that are large and typically range from 60-75 µm 
x 35-40 µm. They are oval or ellipsoidal in shape, with a thin shell. Larvae are often 
visible inside.  
Trichuris sp.: Distinctive, barrel-shaped nematode egg, with “plugs” on both ends 
and a thick shell. They range from 49-65 µm x 20-29 µm. They can appear yellow, 
brown, or reddish in color. 
5.2.6 Statistical Analysis 
A Kruskal-Wallis test was used to determine if there was a difference in parasite 
prevalence distribution among the different age-sex classes. This is a nonparametric test 
that can be used to test for statistically significant differences between multiple groups of 
a continuous or ordinal dependent variable – in this case, prevalence.     
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A binomial logistic regression was used to predict the probability of being 
positive or negative for a parasite based on an individual’s age-sex class. A separate 
regression was run for each parasite. Binomial logistic regression was also used to predict 
the probability of being positive or negative for each parasite based on sex alone, for each 
individual parasite. Statistical tests were performed using SPSS version 23.   
 
5.3 Results 
 
5.3.1 Overall Parasite Prevalence 
Each sample that was examined (N=185) contained at least one type of parasite, 
revealing 100% overall parasite prevalence in the Gunung Palung population. Protozoan 
cysts displayed 100% prevalence and were identified as either Balantidium sp. or 
Entamoeba sp. Nematode eggs were also common, and were identified as Enterobius sp. 
(pinworm), Strongyle-type, or Trichuris sp.  
There was no significant difference in the distribution of overall parasite 
prevalence across age-sex classes (independent samples Kruskal-Wallis test; χ2(4) 
=0.465, p=0.977) (Figure 5.3.1a).   
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Figure 5.3.1a. Differences (non-significant) in overall parasite prevalence by age-sex 
class. 
 
5.3.2 Parasite-Specific Prevalence Across the Age-Sex Classes 
Table 5.3.2a contains the prevalence of each parasite per age-sex class. Binomial 
logistic regression models were carried out for each parasite independently, using age-sex 
class as the predictor variable and infection status (positive or negative) as the target.  
Age-sex class did not significantly predict infection by any of the parasites (Balantidium 
sp.: p=0.318; Entamoeba sp.: p=0.505; Enterobius sp.: p=0.900), except for Trichuris sp. 
(χ2 = 12.543, p=0.014).  
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Table 5.3.2a. Prevalence (percent of individuals infected) of each parasite per age-
sex class. 
 
 
 
 
 
 
The model explained 39% (Nagelkerke R2) of the variance in Trichuris sp. 
infection, and correctly classified 80% of cases. No nulliparous females were infected at 
all, while one parous female tested positive. Infant/juvenile orangutans were most likely 
to be infected with Trichuris sp. – see Figure 5.3.2a. 	
Figure 5.3.2a. The mean predicted probability of infection by Trichuris sp. per age-
sex class. The probability of an infant/juvenile being infected was significantly 
higher than for nulliparous females (p=0.023). 
 
 
Nulliparous 
Female 
(N=8) 
Parous 
female 
(N=9) 
Flanged 
Male 
(N=10) 
Unflanged 
Male 
(N=6) 
Infant and 
Juvenile 
(N=7) 
Balantidium sp. 75 100 80 67 75 
Entamoeba sp. 88 100 100 100 88 
Enterobius sp. 63 44 60 50 38 
Strongyle-type 100 100 100 100 88 
Trichuris sp. 0 11 30 33 63 
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Binomial logistic regression was also used to examine whether there were 
differences between males and females in the prevalence of each parasite. No significant 
differences were found, although males generally had slightly higher prevalence of each 
parasite except Balantidium sp., of which females displayed a higher rate of infection, 
and Strongyle-type for which males and females both displayed 100% prevalence (Table 
5.3.2b. See Appendix 3 for female versus male prevalence with infants and juveniles 
excluded). 
Table 5.3.2b Prevalence (percent of individuals infected) of  
each parasite by sex at Gunung Palung. 
 Female Male 
Balantidium sp. 87 79 
Entamoeba sp. 96 100 
Enterobius sp. 48 53 
Strongyle-type 100 100 
Trichuris sp. 17 37 
 
 
5.3.3 Parasite Prevalence in Gunung Palung Versus Other Bornean Study Sites 
Two prior studies of orangutan parasites reported parasite prevalence from 
different Bornean sites; Labes et al. (2009) from Tuanan/Sabangau/Sungai Lading in 
Central Kalimantan, and Kuze et al. (2010) from Danum Valley in Malaysian Borneo. 
While additional studies of parasite infection in orangutans have been conducted, these 
two studies reported parasite prevalence for wild orangutan populations that do not 
contain reintroduced orangutans, similar to Gunung Palung. Table 5.3.3a shows the 
prevalence of each of the parasites that was found at Gunung Palung compared to those 
from each of the other Bornean sites. Labes et al. 2009 reported their results as the 
percent of samples that were positive for each parasite, while the others report prevalence 
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across individuals. Since these two ways of reporting prevalence are not directly 
comparable, Gunung Palung prevalence is reported in both ways for maximum 
comparison. Parasite prevalence for each of the parasite species is higher at Gunung 
Palung than at Tuanan/Sabangau/Sungai Lading. Strongyle-type and Entamoeba sp. are 
most notably high at Gunung Palung compared to these other sites, with 34% and 40% 
higher prevalence at Gunung Palung for each, respectively. 
Table 5.3.3a. Parasite prevalence (percentage of individuals infected) at Gunung 
Palung compared to other orangutan study sites. The island location, sampling 
method, and sample size are included for each. 
 Borneo       Sumatra 
 Gunung Palung 
Tuanan/Saban
gau/Sungai 
Lading 
Gunung 
Palung Danum Valley Ketambe 
 1
st sample per individual Across individuals 
 N=40 N=61 N=40 N=25 N=32 
Balantidium 
sp. 53% 41% 83% 76% 75% 
Entamoeba sp. 83% 43% 98% 96% 68% 
Enterobius sp. 18% 15% 53% 32% 3% 
Strongyle-type 93% 59% 100% 96% 47% 
Trichuris sp. 23% 7% 28% 20% 19% 
 
Table 5.3.3a also compares the prevalence of each parasite at Gunung Palung to 
that at Danum Valley. The prevalence of each parasite is rather similar between these two 
sites, with Enterobius sp. showing the largest difference with 21% higher prevalence at 
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Gunung Palung. Kuze et al.’s study (2010) in Danum Valley is the only other study that 
reported parasite prevalence per age-sex class, and as such I also compare Gunung 
Palung to Danum Valley using these figures in Table 5.3.3b. A Mann-Whitney U test 
showed that there was no significant difference in the distribution of parasite prevalence 
across the age-sex classes between the two sites (p=0.107). It is important to note that the 
prevalence values indicated for Danum Valley in Table 5.3.3b are conservative – at least 
that proportion of individuals was infected with a given parasite at Danum Valley. For 
example, Kuze at al. (2010) reported Entamoeba in two species groupings (Entamoeba 
coli and Entamoeba sp.), and I report for Gunung Palung all Entamoeba infection in a 
single category under Entamoeba sp. It is likely that at Danum Valley some individuals 
infected with Entamoeba coli were also infected with Entamoeba sp., so the total number 
of individuals infected with Entamoeba coli cannot simply be summed with the total 
infected with Entamoeba sp. because that would likely overinflate the number of 
individuals infected with any Entamoeba species. Therefore, if Kuze et al. (2010) 
reported more than one prevalence per parasite category that is used here, I report the 
highest prevalence value they provided for a species within the genus. 
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5.3.4 Parasite Prevalence on Borneo Versus Sumatra 
Table 5.3.3a also contains parasite prevalence for the Sumatran study site, 
Ketambe (Mul et al. 2007). This is the only published report of orangutan parasites on 
Sumatra from a strictly wild population, containing no reintroduced or ex-captive 
individuals. The prevalence of each parasite is markedly higher at Bornean Gunung 
Palung compared to Sumatran Ketambe. Balantidium sp. and Trichuris sp. showed the 
smallest difference between the two sites, with only an 8% and 9% higher prevalence of 
each, respectively, at Gunung Palung. There was 30% higher prevalence of Entamoeba 
sp. at Gunung Palung, 50% higher for Enterobius sp., and 53% higher for Strongyle-type.  
 
5.4 Discussion 
 
5.4.1 Overall Parasite Prevalence in Gunung Palung National Park 
 
Orangutans in Gunung Palung showed 100% parasite prevalence overall and 
displayed no significant differences in prevalence between males and females or among 
the age-sex classes in the distribution of parasite species. Males and females did not 
differ significantly in the prevalence of any parasite, although males had slightly higher 
prevalence of Entamoeba sp., Enterobius sp., and Trichuris, while females had slightly 
higher prevalence of Balantidium sp. Mul et al. (2007) found that females had higher 
prevalence than males at the Sumatran site of Ketambe and attributed this to the higher 
degree of social contact between females compared to males. Labes et al. (2010) found 
that males had higher parasite prevalence than females at other Bornean sites. These 
authors suggested this may be explained by Bornean females’ lower degree of sociality 
		
138 
compared to Sumatran females, and that males range more widely than females, 
encountering a greater number of individuals. The findings reported here, and for the 
Labes et al. 2010 study, do not support the hypothesis that differences in social behavior 
between the sexes leads to higher risk of parasite transmission in female Bornean 
orangutans as a result of their higher tendency to socialize.  
5.4.2 Differences in Parasite Prevalence Among Age-sex Classes 
 
If parasite infection is primarily influenced by social behavior, then differences 
between the sexes in parasite infection patterns should not be detected, but instead, 
differences between the age-sex classes should be apparent (see Chapter 2 for differences 
in tendency for socializing among the age-sex classes). As such, it was expected that 
nulliparous females – the most social age-sex class – would display higher prevalence 
than the other classes. However, nulliparous females at Gunung Palung did not have 
significantly higher prevalence of any parasite. While they did display the highest 
prevalence of pinworm (Table 5.3.2a), the difference compared to the other age-sex 
classes was not statistically significant. Additionally, nulliparous females were the only 
age-sex class to display no signs of infection with Trichuris sp. at all. It may be that 
adolescent females actually have lower parasite prevalence than others because they are 
in better energetic condition compared to adult females and flanged males, as evidenced 
by the lower level of cortisol in adolescent females compared to adult females and 
flanged males (Chapter 4). Energetic stress and elevated cortisol can have 
immunosuppressive effects (Sapolsky 2005), making adult females and flanged males 
more vulnerable to infection. 
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Each age-sex class displayed 100% prevalence of at least one type of parasite. 
Notably, this study period was a particularly social time for the Gunung Palung orangutan 
population overall, as discussed in Chapter 2. Nulliparous females engaged in social 
associations with all other age-sex classes during the study period. If socializing is an 
important risk factor for parasite transmission in this population, this high level of 
sociality during the study period may help explain the high prevalence of parasites found 
here. Carne et al. (2013) modeled the threat of disease transmission in apes, including the 
orangutan population at the Sabangau study site on Borneo. Nulliparous females were 
identified as potential ‘superspreaders’ because at Sabangau, like other Bornean sites 
Gunung Palung and Tanjung Puting, this class is particularly social. Three nulliparous 
females were identified as having highly central positions within the population’s social 
network, meaning they had higher potential for spreading disease more widely than other 
individuals (Carne et al. 2013).  As discussed in Chapter 2, the sociality of the population 
as a whole can vary depending on whether or not there are many nulliparous females 
present, and on the availability of food in the environment. It is possible that a different 
pattern of parasite prevalence could be seen during a low fruit period and/or when the 
population has fewer social associations.  Monitoring parasite infection at Gunung Palung 
over the long term may help to further test whether sociality has a significant influence 
on parasite infection. 
In examining the prevalence of each parasite species individually, only infection 
by Trichuris sp. could be predicted by age-sex class. The difference could not be 
explained by differences in sociality, as infant and juvenile orangutans were more likely 
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to be infected by this nematode than the other age-sex classes. It is unclear why this 
might be – these young orangutans still range with their mothers and have extensive 
physical contact with them during travel, nursing, and co-sleeping in nests. Whatever the 
source of exposure to Trichuris sp. for young orangutans, it would be expected that 
mothers would also be exposed to the same source since they range together and are in 
frequent physical contact. Interestingly, Kuze et al. (2010) also found Trichuris sp. to be 
most prevalent in infants and juveniles at the Bornean research site, Danum Valley. 
Gorilla researchers at Karisoke Research Center in Rwanda have also found that young, 
dependent gorillas are infected with Trichuris sp. while mature individuals are not 
(unpublished data, Veronica Vercellio 2016, pers comm). Thus, this striking finding in 
three ape populations could indicate that older individuals have the capacity to fight 
infection by Trichuris sp. while young apes do not. This could be the result of a more 
fully developed immune system or perhaps adult ingestion of foods with anti-parasitic 
properties that young individuals are not yet accessing. Further testing of additional ape 
populations is needed to determine if this is a consistent pattern for young versus mature 
apes, and laboratory experiments testing orangutan foods for anti-parasitic properties will 
help determine if the differences in Trichuris sp. infection can be attributed to dietary 
differences.  Knott and Delong (2017) found that juvenile diets differ from maternal diets 
during periods of low fruit consumption, making it possible that non-fruit dietary 
differences could contribute to this discrepancy. 
Pigs can be a reservoir for Trichuris sp., and, indeed, Gunung Palung is home to 
bearded pigs (Sus barbatus), with 2-4 individuals per square kilometer in the lowland 
		
141 
forest areas (Marshall et al. 2014). It would be worthwhile and informative to test other 
mammalian species at Gunung Palung to determine if there may be interspecific 
transmission of this parasite.  If bearded pigs do carry Trichuris sp. at Gunung Palung, it 
may lend support to the idea that orangutans of all age-sex classes may come to the 
ground, and thereby come into contact with parasite-contaminated soil, more often than is 
realized.  
There is mounting evidence that wild Bornean orangutans of all age-sex classes 
may travel on the ground more extensively than has been appreciated before (Ancrenaz et 
al. 2014; Ashbury et al. 2015; Loken et al. 2013), which would expose them to parasites 
deposited in the soil from feces of other species. While camera trapping is still in its 
infancy at Gunung Palung and data are not yet available, it was noted during this study 
period that orangutans were occasionally found by researchers on the ground, and they 
would climb back into the trees upon noticing their human observers, only to remain 
exclusively in the canopy thereafter. It is possible that Bornean orangutans travel on the 
ground more habitually when humans are not present, which could help explain the high 
overall prevalence of soil-transmitted parasites at this site. 
5.4.3 Parasite Prevalence at Gunung Palung Compared to Other Bornean Study Sites 
 
Parasite prevalence at Gunung Palung was higher for each parasite compared to 
the other Bornean study sites as reported by Labes et al. (2010) from the Tuanan, 
Sabangau, and Sungai Lading sites combined. However, the values reported here from 
Labes et al. (2010) are minimum prevalence values and are almost certainly 
underestimates. These authors reported prevalence for multiple species within each 
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genus. As parasite prevalence is not reported beyond the genus level here, the highest 
species prevalence within a genus provided by Labes et al. (2010) was used for 
comparison to the results of this current study as not to assume that individuals were 
infected with more than one species per genus. Additionally, these authors only used one 
sample per individual orangutan to calculate prevalence. More than one sample per 
individual is ideal to show true prevalence, because not all parasites are necessarily shed 
in every defecation. An individual can be infected with a parasite which may not appear 
or be detected in a single fecal sample. For comparison, the prevalence at Gunung Palung 
was calculated based on only the first sample collected for each individual just as Labes 
et al. had (see Table 5.3.2a). In doing so the parasite prevalence for Gunung Palung’s 
orangutans is decreased for each genus reported, showing that a single sample per 
individual underestimates infection rate. Because the parasite prevalence reported by 
Labes et al. is conservative, it is not immediately clear that Gunung Palung truly has 
higher parasite prevalence than Tuanan, Sabangau, and Sungai Lading. Additional testing 
from those sites, with multiple samples per individual and more individuals sampled at 
each site are needed to test this finding. Results from the Malaysian Borneo site, Danum 
Valley (Kuze et al. 2010), showed prevalence quite similar to Gunung Palung. Despite 
differences in methodology (they preserved samples in 10% formalin in the field and 
later analyzed them using sedimentation procedure in a formal laboratory), these authors 
reported 100% parasite prevalence overall and 100% prevalence for at least one type of 
parasite per age-sex class. Gunung Palung, therefore, may not be unusual among Bornean 
orangutans in the high parasite prevalence displayed. 
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5.4.4 Parasite Prevalence on Borneo versus Sumatra 
The hypothesis that Sumatran orangutans would have higher parasite prevalence 
due to higher degree of social contact was not supported in comparing Gunung Palung to 
Ketambe. Prevalence was higher at Gunung Palung for all parasites reported. There is 
only one published study that reports comparable wild orangutan prevalence from Mul et 
al. 2007 from the Ketambe study site on Sumatra (see Table 5.3.3a). These authors 
sampled 32 individual orangutans multiple times and report total prevalence per parasite, 
but do not report prevalence per age-sex class. Differences between the two populations 
are most notable for Entamoeba sp., Enterobius sp., and Strongyle-type. Entamoeba sp. is 
a protozoan parasite that is transmitted through the ingestion of cysts which are deposited 
in feces. Increased presence in the environment can cause increased risk of transmission, 
making indirect social transmission possible for orangutans.  Enterobius is also known as 
pinworm. While pinworm is transmitted through the fecal-oral route and not directly 
through skin as some other nematodes (hookworm and Strongyles), it may be passed 
through social contact more easily than other fecal-oral parasites, as eggs are deposited 
on the outer skin of the anus of those infected. With eggs present on the outside of the 
body, they can be passed from surface to surface or body-to-body through contact and 
then easily ingested. The category used here, ‘Strongyle-type eggs,’ include the three 
genera reported separately by Mul et al.(year) as Strongyloides sp., Stongylida sp. 
(hookworm), and Mammomonogamus sp. It is possible that if Mul et al. (2007) had 
reported these three as a single category as I have, their reported prevalence for 
strongyle-type eggs would be much higher than it is for any one of those genera. 
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However, a conservative estimate of strongyle-type prevalence was used for their 
population by using only the highest prevalence they provided for one of the genera they 
reported that would fall into our strongyle-type category. This prevents us from 
assuming, for example, that all individuals infected with Mammomonogamus sp. were 
also infected with Strongyloides sp., since this cannot be determined from their published 
report. Using only the highest strongyle-type prevalence that they provide gives us a 
minimum estimate of strongyle-type prevalence for their site. In other words, the value 
used here for strongyle-type prevalence at Ketambe represents the smallest possible 
percentage of individuals that are infected with strongyle-type parasites at that site. 
The higher incidence of parasites in Bornean orangutan populations than in 
Sumatran populations may be influenced by several factors. Bornean orangutans may 
come to the ground more often than Sumatran. It has been reported that Sumatran 
orangutans rarely come to the ground, which may be influenced by the presence of tigers 
on Sumatra (Thorpe and Crompton 2009). There is increasing evidence from camera 
traps that orangutans on Borneo may be on the ground more often when they are not 
observed. While flanged males are the only age-class to be regularly seen on the ground 
by researchers during focal follows, all age-sex classes are caught on the ground in 
photographs (Ancrenaz et al. 2014; Ashbury et al. 2015; Loken et al. 2013). Contact with 
the ground is expected to expose orangutans to soil contaminated by the feces of 
conspecifics and many other animals thereby increasing their risk of parasite acquisition.   
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5.4.5 Parasites and Orangutan Sociality – Methodological Considerations 
More standardized methodology for parasitology will improve inter-site 
comparisons. I suggest that future wild orangutan studies consider these points so that we 
can better understand orangutan host-parasite dynamics. Firstly, a rigorous sampling 
regime is necessary for a full picture of intestinal parasites in a population. I sampled 40 
unique individuals multiple times – a total of 185 samples. The other published studies 
did not sample as many individuals from a single site and Labes et al. (2010) only used a 
single sample per individual. To get the best reflection of parasites in the population, it is 
ideal to sample individuals multiple times on different days. Parasite cysts and eggs may 
not shed in each and every fecal mass, even when an individual has a parasite in its 
system, so it is best to sample an individual multiple times to get the most accurate 
reflection of their parasite load during a given period.   
The method of preservation of fecal samples is also important to consider. For my 
analysis I looked at fresh fecal samples that had not been stored in fixative. Kuze et al. 
(2010) preserved samples in 10% formalin before performing sedimentation analysis, 
while Mul et al. (2007) preserved samples in SAF (sodium acetate-acetic acid-formalin). 
It is possible that preservative of any kind may distort parasite morphology over time, or 
alter the specific gravity of parasites, hindering the detection of eggs and cysts. While the 
results were not included in the current study, six samples that were preserved in SAF for 
days or weeks were analyzed during this study period. These samples had much lower 
egg and cyst counts than were observed in samples from the same individual that were 
analyzed from fresh feces. For example, a fresh sample might yield over 100 helminth 
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eggs per gram of feces, while the samples preserved in SAF might yield 10 or fewer, and 
sometimes no protozoan parasites at all. To systematically test whether preservative 
influences the detection of parasites, I stored a portion of all fresh samples analyzed here 
in SAF to be analyzed later in a laboratory setting to allow for a comparison of parasite 
prevalence between fresh and SAF-preserved samples.  
Obtaining permits for the collection of biological samples in Indonesia can be a 
long and complicated process. Permits for transporting samples within Indonesia can be 
even more challenging, and removal from the country for analysis in foreign labs can 
take years. Additionally, remote field conditions make it difficult to access and transport 
chemicals to field sites, where there is also no environmentally-friendly way to properly 
dispose of potentially harmful chemicals. For these reasons I recommend that researchers 
interested in orangutan parasitology should perform analyses on-site from fresh feces 
using Sheather’s sugar solution for fecal flotation to keep materials safe for disposal in 
the forest. Collecting matched samples in SAF for later sedimentation analysis and in 
alcohol for later genetic analysis is ideal whenever possible, but basic direct smear and 
flotation procedures are reliable and feasible and should be apriority for obtaining results 
in a timely manner. This will best facilitate the inter-site comparisons that are needed for 
fully understanding orangutan parasites. 
5.4.6 Parasites and Orangutan Sociality – Future Directions 
The results reported here did not find support for the hypothesis that sociality 
influences parasite risk in orangutans, as no differences in parasite prevalence among the 
age-sex classes were detected. There have been conflicting reports and hypotheses about 
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primate host-parasite dynamics, with some arguing that higher degrees of sociality 
increases risk of parasite infection while others argue that it decreases the risk (Chapman 
et al. 2009). My findings suggest that parasite infection risk is not a major selective force 
on the semi-solitary orangutan and that other factors may be more important in 
maintaining the low degree of sociality in orangutans compared to other apes.  
It is possible that social behavior does influence parasite transmission in 
orangutans in a way that I was unable to measure here. Long-term monitoring at multiple 
study sites will allow for comparison between periods of variable sociality. As discussed 
in Chapter 2, orangutan populations can appear more or less social depending on the 
availability of fruit during a given period, or the presence of many nulliparous females in 
the study population at a given time. This study period had notably high fruit availability 
and associated high frequency of social events in Gunung Palung. It will be informative 
to examine parasite infection patterns at this site during a period of low fruit availability 
and low social contact.  
It is also possible that intestinal parasites are not necessarily a good measure of 
the relationship between sociality and disease risk. Some intestinal parasites can be 
transmitted through both direct contact and the fecal-oral route (helminths), while others 
(protozoans) are transmitted strictly through ingestion. Increased population density is 
expected to lead to increased exposure, not only to more conspecifics, but to more 
contaminated substrates (Freeland 1976). For a socially dispersed species like the 
orangutan, environmental sources of parasite infection (water, soil, nests) may be more 
important than social sources. Examining measures diseases that require social contact 
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for transmission or more direct measures of immune function may be a more effective 
way to explore the relationship between sociality and disease risk. For example, Nunn 
(2002) found that promiscuous mating was associated with higher white-blood cell 
counts, showing a cost to females from mating with more partners. Additional measures 
or proxies of disease load should be explored in orangutans to test whether more social 
individuals are at greater risk of infection. 
Finally, monitoring parasites should be part of regular data collection at long-term 
study sites. Life cycles of parasites differ between different species and it remains unclear 
how much variation we should expect to see between seasons, if any at all (Foitova et al. 
2009). Long-term monitoring of orangutan populations would be beneficial for detecting 
differences between periods of high and low rainfall, high and low food availability and 
different social conditions. As mentioned previously, this was a particularly social year 
for the orangutans of Gunung Palung, and it would be more informative for 
understanding the interplay between sociality and parasite transmission risk if parasite 
prevalence was also examined during a low social period. Parasite infection was higher at 
Gunung Palung than anticipated based on findings from other sites, the relatively pristine 
habitat of the site, and consultation with Ivona Foitova, an orangutan parasitologist. It is 
important to note that while parasite prevalence was high at Gunung Palung, there was no 
indication that the overall health of the population is compromised. I observed diarrhea 
only three times over the course of the year, and the body condition of all individuals 
raised no suspicions about their health. Urine samples showed no alarming results with 
daily urinalysis test strips that indicate the presence or absence of leukocytes, blood, and 
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ketones. Examining parasites and other health markers in this population during a less 
social period and when fruit availability is low would be more telling about the dynamics 
of parasite infection and its effect on host fitness.  
Orangutan parasitology has important applications for conservation. Orangutans are 
critically endangered (IUCN 2016) and their habitat is being destroyed at an alarming rate 
(Wich et al. 2009). Increased contact with humans and human settlements can expose both 
people and orangutans to novel parasites. Monitoring the orangutans over time will allow us 
to detect changes in parasite species richness and help inform conservation plans. Efforts to 
reintroduce rehabilitated ex-captive orangutans to the wild have been ongoing since the 
1960s (Russon 2009). Care is taken to reintroduce orangutans to appropriate habitat that does 
not currently host a wild population as to avoid introduction of novel diseases (Beck et al. 
2007). Appropriate release areas are expected to become more difficult to find as forest 
destruction continues, so we must have a thorough understanding of what parasites are 
already in wild populations and which parasites appear to be homeostatically appropriate. 
These results will soon be used for inter-site comparison with Tuanan, also on Borneo, with a 
more similar sampling regime than has been previously published. Different orangutan study 
sites have varying degrees of anthropogenic disturbance (Husson et al. 2009).  Comparative 
investigations of parasites between sites will inform how this great ape responds to 
environmental change.
		
150 
CHAPTER SIX: CONCLUSION 
 
 
6.1 Summary of Findings 
 
Orangutan gregariousness changes in response to both short-term ecological 
changes and shifting cost-benefit ratios over the life span. Food availability does indeed 
have a significant influence on whether or not orangutans are social at the intra-
population level, with orangutans tending to be more social when fruit availability is 
higher. The demographic makeup of the study population also influences the sociality of 
the population as a whole, due in large part to differences in social proclivities across the 
life span. Adolescent females are particularly social, having a social encounter on a 
relatively high proportion of their follow days, regardless of fruit availability. These 
young females seek and maintain social parties with others and display far more close 
social interaction and affiliative physical contact than is typically described for wild 
Bornean orangutans. These findings indicate that the net benefits of socializing may be 
highest for adolescent females, as they are less constrained energetically, and the building 
of relationships and having learning opportunities is critical at this period for a widely 
dispersed, female philopatric, sexually coercive species.  
Adolescent females have the highest rates of self-directed behavior, indicating 
that there is some cost to their sociality in the form of anxiety. Associating with adult 
females and flanged males elicits higher rates of self-directed behavior for adolescent 
females. However, this anxiety can be mitigated by associating with another adolescent 
female at the same time, showing evidence that adolescent females can serve as social 
buffers for one another (Chapter 4).  
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The anxiety displayed by adolescent females in social situations does not appear 
to manifest in physiological costs severe enough to be detected via elevations in the stress 
hormone, cortisol. Instead, adult females have the highest levels of cortisol overall, and 
both adult females and flanged males show significant elevations in cortisol under social 
conditions compared to non-social conditions. The reduced degree of gregariousness in 
adult females and flanged males compared to adolescent females and unflanged males, 
then, appears to be related to higher physiological costs to socializing for those classes.  
Intestinal parasites were also examined as a potential cost to socializing in 
orangutans. With this population having 100% prevalence of parasites overall, and 100% 
prevalence of most parasite species detected, parasite profiles of the age-sex classes were 
too similar to detect differences related to social tendencies. It is possible that parasite 
prevalence was particularly high during the 2013-2014 study period due to high rates of 
social encounters, increasing parasite transmission through higher than average social 
contact. 
6.2 Implications for Primate Sociality 
While orangutan researchers and many primatologists recognize that orangutans 
are not asocial, orangutans are still described as solitary in some primate literature and in 
works outside of primatology. For example, Reser  (2011, 2014) includes orangutans in 
his list of solitary mammals. Kim et al. (2015) state that “orangutans are unique as they 
are known to be solitary” (p. 194). Pilbeam (2015) says of orangutan social networks, 
“For the near solitary orangutans, all same-sex adult ties are null, and adult male-female 
ties are weak, although a male occasionally stays with a female for several weeks. Ties 
		
152 
between orangutan mothers and dependent offspring are strong but, like the gibbon, this 
tie dissolves when males and females disperse after puberty” (p. 98). As shown in this 
study of wild Bornean orangutans, the ties between mothers and daughters, in particular, 
do not dissolve after dispersal, as adolescent females continue to visit their mothers for 
years in adolescence. Other researchers have shown that there are continued associations 
in adulthood (van Noordwijk et al. 2012) between related females. Even when some 
degree of sociality in orangutans is acknowledged, it often fails to recognize the depth of 
social relationships, painting orangutan associations as exclusively practical and non-
interactive.  
Thus, the findings of this study have emphasized the flexibility that orangutan 
social behavior is characterized by, and that affiliative behavior is important for particular 
types of dyads. Primates are noted for their diversity in social structure with different 
populations showing remarkable variation even within a species (Chapman and Rothman 
2009).  Orangutans are no exception, as the different orangutan species have been 
suggested to display differences in sociality, with Bornean orangutans being less social 
than Sumatran, which is typically attributed to differences in fruit productivity in their 
respective habitats (Marshall et al. 2009). While Weingrill et al.  (2011) have suggested 
that the difference in social tendencies between Sumatran and Bornean orangutans is a 
genetic adaptation, as Bornean orangutans are more stressed by social housing compared 
to Sumatran orangutans under equal energetic conditions, it remains to be seen whether 
this is truly the case. The social capacity of orangutans is often noted by those who work 
with them in captive contexts such as zoos, labs or sanctuaries (Kim et al. 2015), 
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highlighting the social flexibility of both species. Preliminary observations of a 
population in a heavily disturbed habitat on Sumatra have shown what appears to be a 
more ‘Bornean-like social organization’, with a higher ratio of flanged males than is 
expected for a Sumatran population (personal communication, Matthew Nowak). Further 
research will reveal whether this enclave of Sumatran orangutans display social behavior 
thought to be more characteristic of Bornean orangutans, thereby supporting the idea that 
differences between the species are not genetic, but plastic responses to local ecologies. 
There is increasing evidence that the social lives of many ‘solitary’ mammals are 
far richer than previously thought. Schaller et al.  (1985) and Gilad et al.  (2016) have 
emphasized the solitary nature of giant pandas, suggesting that giant pandas display no 
preferential association with kin, and that females may use olfactory cues to avoid one 
another. However, Hull et al.  (2015) showed that wild giant pandas associated for weeks 
at a time outside of the mating context, which was previously believed not to occur. It has 
very recently been reported that pumas in the American northwest have social networks 
that involve differential relationships among individuals, with varying degrees of social 
tolerance based largely on direct reciprocity in sharing of prey carcasses, begging us to 
reconsider our notions of this solitary cat (Elbroch et al. 2017). Tarsiers and other 
nocturnal prosimians that were historically considered rather asocial have been found to 
have regular social interactions (Gursky 2000). Eurasian otters (Quaglietta et al. 2014) 
and fossas - Madagascar’s largest carnivores - (Luhr and Kappeler 2013) have also 
surprised researchers in recent years with an unexpected degree of social interaction, 
detected using radio and GPS tracking. It is clear that the use of new or improved 
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technologies for tracking animals that are difficult to follow due to wide dispersal, 
nocturnal active periods, or difficult terrain is revealing more interesting sociality for 
many animals.  
Is the facultative sociality of orangutans, tarsiers, pandas and pumas characteristic 
of all ‘solitary’ species? Kappeler et al. (2015) define ‘solitary’ animals as those species 
in which adults do not have regular associations, and in which any associations that do 
occur, are temporary and result from mere chance or from attraction to a temporary 
resource. Individuals of solitary species do not exhibit familiarity with one another and 
typically display agonistic behavior upon meeting, only seeking temporary associations 
for mating purposes. Among primates, the white-footed sportive lemur arguably comes 
closest to this description, as affiliative interactions are virtually absent. Male-female 
pairs occupy one territory but actively avoid one another (Dröscher and Kappeler 2013). 
Since they maintain a territory together, however, there must be some degree of 
familiarity/individual recognition. Primatologists who focus on the evolution of social 
systems acknowledge that ‘solitary’ is not the same as ‘asocial’ and that solitary foragers 
are simply alone most of the time, and use of the term ‘solitary’ distinguishes them from 
primates that live in more regular association with others (Kappeler 2012). ‘Solitary’ is, 
nevertheless, conceptualized as ‘asocial’ by many, as evidenced by the surprise of other 
primatologists upon hearing about orangutan social interactions and the continued use of 
‘solitary’ to imply non-social.  Due to lower levels of overt gregariousness compared to 
other primates, primatologists and researchers of other solitary foragers have tended to 
focus their studies on other aspects of their behavior, which has allowed interesting social 
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dynamics to be overlooked.  
Aureli and colleagues (2008) have offered a conceptual framework for thinking 
about primate sociality on a dynamic continuum, rather than in distinct categories of 
social organization. They have suggested characterizing primates based on their degree of 
fission-fusion dynamics, as it can be argued that all mammals display some amount of 
fission and fusion into different social units. These authors proposed that the term 
“fission-fusion” be replaced with “fission fusion dynamics” to refer to the “extent of 
variation in spatial cohesion and individual membership in a group over time” rather 
than any discrete category of social system (p.628).  Conceptualizing primate sociality in 
this way, rather than in distinct categories, allows us to better understand how sociality is 
modulated by appreciating the plastic nature of all primate social behavior.  
 
6.3 Adolescence in Less Gregarious Primate Species 
While orangutans can be considered female philopatric due to the differences in 
dispersal distance from their natal range between males and females and the overlap in 
home range between mothers and their daughters (van Noordwijk et al.  2012), 
orangutans of both sexes must achieve ranging independence from their mother and 
eventually begin spending most of their time outside of her company. In more gregarious 
female philopatric species, adolescent females remain in their natal group and have their 
mother for social support and continued opportunities for learning, indefinitely. 
Orangutan females, on the other hand, will encounter other conspecifics on their own, 
without any support from their mother and no clearly established hierarchical structure to 
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dictate how they should interact with others. They must forge their own relationships and 
face the risk of conspecific aggression alone most of the time.  
The degree of close affiliation and a lack of mating events between adolescent 
females and unflanged males observed during this study period was remarkable. The 
extent of physical contact that was observed far exceeded that which is seen in other 
dyads outside of the mating context. It is not immediately clear what benefits adolescent 
females might gain from these close associations with unflanged males. Interestingly, 
when female chimpanzees disperse from their natal group shortly after reaching sexual 
maturity, they receive lower rates of aggression from resident females in their new group 
when they associate with resident males  (Kahlenberg et al. 2008). Immigrant female 
chimpanzees associate with males more often than resident females and appear to use the 
protective services of males as they integrate themselves into their new group. I found 
that adolescent female orangutans associate with unflanged males more than adult 
females do. The most highly affiliative relationships that were observed were between 
three different dyads; the adolescent female Walimah and the unflanged male Malik, and 
also Walimah and another unflanged male, Mr. Kecil, and the adolescent female Wadi 
with unflanged male Syklops. Both Walimah and Wadi lack a mother in the study area. 
Walimah’s mother disappeared sometime between 2004 and 2008 during a period when 
the study site was not in operation, when Walimah was between 6 and 10 years old. The 
identity of Wadi’s mother is unknown, but she was never observed to associate with any 
adult female that could have been her own because they were always known mothers of 
another adolescent female. Orangutan interbirth intervals are too long for a single female 
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to have two similarly-aged daughters. While a sample size of two adolescent females is 
not sufficient to draw conclusions, it is intriguing that those without a mother present in 
the study area were exceptionally affiliative with unflanged males. Since a mother is the 
sole natal social unit for orangutans, her disappearance renders an adolescent female 
without any social unit. Orphaned adolescent females are forced into a social, if not also 
locational, dispersal situation. Affiliating with unflanged males could possibly provide 
these adolescents with protection in a similar way to immigrating female chimps.  
It is also worth noting that the female Walimah is the only recorded case of a 
severe physical injury to an adult female recorded at Gunung Palung. Shortly after she 
gave birth to her first baby in 2015, Walimah was found with a very injured foot and her 
infant was missing. There are also no recorded cases of infant death at Gunung Palung in 
30 years of orangutan research. While it cannot be known with certainty what happened 
to Walimah’s foot or to her baby (see Knott et al. in review), these rare events happening 
to her are particularly interesting in light of her being without a mother since the very 
beginning of adolescence. It is possible that being without a maternal social unit leaves 
adolescent females more vulnerable to severe aggression from conspecifics, which would 
reveal a major benefit of female philopatry for this semi-solitary ape. It has been 
suggested that mothers may play a role in helping daughters establish home ranges (Knott 
et al. 2008), leaving those without mothers at a disadvantage. Additional long-term 
observations of adolescent females without mothers are needed, and measures of, or 
proxies for, fitness should be compared with females that have living mothers in the 
study area to learn more about the benefits of philopatry in orangutans.  
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 The unusual degree of affiliation that adolescent females display, particularly with 
unflanged males, is also interesting when we consider the high level of sexual coercion 
that orangutans display. As discussed in Chapter 3, it is possible that the affiliative 
interactions between adolescent females and unflanged males are anti-coercion strategies 
and function to allow the adolescent female to test the temperament of a potential mating 
partner and for the unflanged male to signal his agreeable nature. Affiliative interactions 
also occur between adolescent females and flanged males, but they are largely driven by 
the female in those instances while unflanged males direct affiliative behaviors toward 
adolescent females, making the affiliative relationships more reciprocal. It is not 
immediately clear what the benefits of these relationships might be, but long-term 
monitoring of their interactions over time and looking at paternity for the eventual 
offspring of the adolescent females will be telling. It will also be useful to examine the 
behavior of adolescent females of other solitary or semi-solitary species to see if similar 
patterns of affiliative can be detected. 
While orangutans are female philopatric in that females tend to be more closely 
related to one another than males, males disperse more widely, and females may 
preferentially associate with female kin, adolescent female orangutans are experiencing 
social dispersal (Isbell and Vuren 1996) in many ways. The tendency for adolescent 
female orangutans to associate with males could function in similar ways to those 
between immigrant female chimpanzees (Kahlenberg et al. 2008). Experiencing both the 
benefits of philopatry and also the costs of dispersal may be unique to ‘solitary’ 
mammals. Future work should investigate whether other solitary or semi-solitary 
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primates also display relatively high degrees of sociality during the adolescent period or 
if, perhaps, it is the unique combination of semi-solitude coupled with the prevalence of 
sexual coercion in orangutans that makes the adolescent period uniquely social in these 
apes. Comparative studies of social relationships during the adolescent period in primates 
with varying social organizations will be a useful way to gain insight into the evolution of 
the extended period of development in primates.  
 
6.4 Moving Forward: Implications for Orangutan Conservation and Future 
Research 
 
These results highlight the importance of behavioral flexibility as an adaptive trait 
for primates facing unpredictable and changing environments.  Orangutans decrease their 
sociality when fruit availability is low, and adjust their foraging to focus on fallback 
foods (Knott 2005). However, as the remaining forests in Indonesia are rapidly being 
converted into landscapes that orangutans cannot survive in (largely palm oil plantations), 
orangutans may be forced into smaller patches of forest, encountering one another at 
higher rates whether food conditions are favorable or not. According to the results of this 
study, we can expect adult females and flanged males, especially, to suffer physiological 
costs associated with increased contact with conspecifics when they are nutritionally 
stressed. Increased stress could allow parasite loads to become problematic. While there 
were no overt signs of illness in this population – almost no diarrhea or poor body 
condition – all individuals tested were positive for multiple parasite species that have the 
potential to be deadly if an individual’s condition is compromised in other ways (Foitova 
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et al. 2009). Continued monitoring of intestinal parasites in conjunction with 
measurements of habitat loss and monitoring of social encounter rates will be imperative 
for assessing the viability of the remaining orangutan populations. 
As discussed in Chapter 5, differences in parasite infection profiles could not be 
detected among the age-sex classes based on differences in tendency for socializing. The 
2013-2014 field season was particular high in fruit availability, and the orangutans were 
correspondingly social. Thus, it will be telling to examine intestinal parasites in this 
population during a lower fruit period when less socializing is taking place, the social 
network may be more fragmented, and individuals may be in poorer condition.  
Orangutans that are rescued from illegal captive situations or displaced by habitat 
loss are brought to rescue and rehabilitation centers across Sumatra and Borneo. The goal 
of these centers is to release individuals back into the wild. Current best practices 
recommend releasing orangutans to species-appropriate habitat that does not currently 
contain any orangutans. However, this will continue to become increasingly difficult as 
forests disappear as they are converted for mining operations or palm oil plantations. It is 
necessary, then, that we understand the potential social and health consequences of 
releasing naïve individuals into habitat containing established populations. These findings 
presented here indicate that attention must be paid to the demographic makeup of the 
resident population and the age-sex of the individuals being released. It may be helpful, 
for example, to release young, nulliparous females in pairs to offer them some stress 
buffering.  
The findings of this study raise new questions for continued research in Gunung 
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Palung. Genetic analysis of the population will allow us to assess how kinship might 
influence social patterns in this population. Elsewhere on Borneo it has been found that 
related females tend to associate with one another (van Noordiwjk et al. 2012), and it 
remains to be determined with a robust data set whether kinship plays an equally strong 
role for orangutans in West Kalimantan. Genetic relatedness should be incorporated into 
social network analysis and geographic information systems (GIS) to understand patterns 
of social association. Can we detect distinct social groups or is the entire study population 
connected evenly? Do orangutans in different habitat types with different fruit 
productivity patterns display differing social association patterns? Answering these 
questions will help us to get a more complete view of the extent of social plasticity in 
orangutans. 
The findings reported here have revealed differences in gregariousness, social 
anxiety, and stress among age-sex classes, raising new questions for understanding 
sociality more broadly. What are the mechanisms that underlie shifts in social behavior 
between individuals and across the life span? Why are some individuals more interested 
in socializing with conspecifics than others? Exploring the answers to these questions in 
different species will contribute to our understanding of how sociality is modulated at 
both the proximate and ultimate levels. Investigating the mechanisms that modulate 
social behavior can provide insight into how pro-social behavior might evolve and can 
help us understand asocial tendencies within an evolutionary context.  
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APPENDIX ONE 
A.1 Methodology for calculating kilocalories consumed per day. 
The start and end time of all feeding bouts was recorded to establish bout lengths. 
Noted were 1) the food type/species 2) the part eaten 3) the percentage eaten of that part 
and 4) the feeding rate (Knott 1998) for every bout. For non-fruit items, consumption was 
estimated by comparing an uneaten portion of that food to the portion that the orangutan 
discarded. If the observer’s view was obstructed during a given feeding bout and a 
feeding rate could not be obtained, a mean feeding rate was used for that food item. The 
mean feeding rate for that animal on that day was used whenever possible, or for a 
previous day. If no closely matched rate was available, the mean rate for prime males on 
that food item from Harrison et al. (2010) was used. To determine the grams of dry 
weight per food item, all food samples were collected, dissected, wet weighed and dry 
weighed at 40°C. Then, grams of food eaten/bout was calculated by multiplying the 
percentage of the food item eaten by the average grams of the food item, the feeding rate, 
and the bout length (Knott 1998). 
  The caloric and nutrient values of over 150 orangutan food samples were 
determined at the Nutritional Ecology Laboratory at Harvard University (Knott 1998; 
Harrison et al. 2010). Crude protein was determined following the Kjeldahl procedure 
(Pierce and Haenisch 1947). Lipid content was measured using petroleum ether 
extraction following the Association of Analytical Chemists (1984). Dry matter (Dm) 
was determined by drying a subsample at 100°C for 8 hours and hot weighing. Total ash 
was measured by ashing the above subsample at 520°C for 8 hr and then hot weighing at 
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100°C. Organic matter was calculated as (1 - ash x Dm). The remaining total 
nonstructural carbohydrates (TNC) were estimated by subtraction (100-(NDF + CP + 
lipid + Ash)).  Orangutans also obtain calories via hindgut fermentation and the Neutral 
Detergent Fiber (NDF) component, also called insoluble fiber (Goering and van Soest 
1970; Robertson and van Soest 1980), was measured to account for this. The specific 
fiber components of the diet were then established by subjecting the NDF residue to acid-
detergent fiber analysis (ADF), which solubilizes the hemicellulose fraction and leaves 
the ADF residue, consisting of lignin and cellulose (Conklin-Brittain et al. 
1998).  Hemicellulose was calculated as the difference between NDF and ADF.  The 
ADF was then treated with sulfuric acid, leaving lignin residue and dissolving the 
cellulose.  
 Total calories for each food item was calculated by applying standard physiological 
fuel values to the different nutrient components: 9 kcal/g for lipid, 4 kcal/g for CP and 4 
kcal/g from the TNC National Research Council (1980). A value of 3 kcal/g was assigned 
to the fiber component, following Conklin-Brittain et al. (2006).  Fiber digestibility has 
not been directly measured in wild orangutans, however, Schmidt et al. (2005) conducted 
feeding trials on captive orangutans using a range of high fiber diets and report a mean 
fiber digestibility of 59.4%. This is remarkably close to the 54.3% fiber digestibility 
reported for chimpanzees by Milton and Demment (1988). Thus, the kcal/g of fiber was 
calculated as 0.594 x 3 = 1.782 kcal/g. Additionally, one of the known concerns of 
estimating fiber digestibility in the wild is that wild fruits may be very high in lignin 
(compared to captive diets) and lignin is indigestible (Conklin-Brittain et al. 2006). To 
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account for this, the lignin component of the NDF was subtracted out before multiplying 
by 1.782 to determine the Kcal obtained from fiber digestion following Masi (2016).  
 Lastly, the grams of food ingested was multiplied by the kcal/g of that food item 
to obtain kcal consumed/bout, and summed all feeding bouts across the day to calculate 
kilocalories of metabolizable energy consumed/day (Knott 1998; Harrison et al. 2010).
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APPENDIX TWO 
A.2 Detailed parasitology protocol used in the field. 
For SAF tubes: 
1. Fill 15 ml plastic centrifuge tubes with SAF (sodium-acetate-acetic-acid 
formalin).  The volume must be known so that later when the sample is weighed 
before analysis the weight of the SAF can be subtracted. 
2. Put on latex gloves and a face mask. 
3. Using a wooden tongue depressor, scoop feces from the center of the fecal mass, 
being sure not to take any that might be contaminated by the surrounding 
environment (i.e. parts that have touched the ground). Avoid placing large seeds in 
the tube. 
4. Carefully place the 1-3 grams of feces into the tube using the wooden stick and 
place the cap on the tube securely.   
5. Wrap the cap of the tube in a small amount of Parafilm to prevent leakage of the 
solution inside. 
6. Shake the tube thoroughly to ensure all fecal material makes contact with the 
SAF, immediately killing any parasites present and preserving them for later 
sedimentation examination in a laboratory setting.   
7. Write on the tube with a permanent marker (or on a plastic baggie that the tube 
will be store in) a unique number, beginning with ‘GP’ to indicate the location and 
year of sample collection. Also write the date and the orangutan’s name.  The ID 
of the orangutan must be certain!  If you are unsure of whose feces it is, make a 
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note of that or wait to collect the feces until later when you can be sure which 
individual produced it.  
****The tubes must be identifiable so that it is perfectly clear when the sample 
was collected and from whom it was produced.  If the tubes are tiny, there may 
not be enough space to include all the information.  If so, be sure that a unique 
number is on the tube and record the rest of the information on a data sheet.  Keep 
a fecal sample log at camp that should be updated every single day when the 
assistants return to camp with the samples.   
Information to include on sample log: 
a. Tube number 
b. Date 
c. Time of collection 
d. Person that collected 
e. Orangutan ID 
f. Color 
g. Diarrhea? Yes or No 
h. Consistency (wet, dry, soft, solid, seedy, fibrous, watery etc.) 
i. Preservation solution: SAF or alcohol 
For Alcohol Tubes: 
One tube of 96% alcohol is also filled with a small amount of feces from the 
same fecal mass using the exact procedure for the tubes containing SAF. These 
tubes are also shaken thoroughly, immediately killing any parasites present and 
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preserving them for genetic analysis later on in a laboratory setting. 
Fecal Analyses: Fresh feces was analyzed on-site through both direct smear and fecal 
concentration through flotation techniques. The detailed protocol for these procedures is 
as follows: 
Weighing Feces  
The feces you use for direct smear and flotation must be of a known weight.  This 
is because the results will be presented as # parasite species per gram of 
feces. Before performing any analyses, weigh the feces using the electronic 
balance. First weigh a clean glove and zero the balance. Then weigh the glove 
containing the feces. This shows you the weight of the feces alone, without the 
weight of the glove it is in. Do the same if the fresh feces happen to be inside a 
tube. You must be able to subtract the weight of the tube to know the weight of 
the feces alone.    
Direct Smear (Wet-Mount Smear)  
This technique is employed for the direct observation of fecal parasites.  
1. Take a small amount of feces and mix with a few drops of water.  
2. Place one or two drops of the mixture on a slide.  Be sure no debris is present, as 
the cover slip will not lie flat.  
3. Cover the mixture with a cover slip.  
4. Examine the entirety of the slide using the 10x microscope objective lens, 
systematically searching for parasite ova, larvae and protozoa. Photograph using the 
40x objective lens and the 10x as well for questionable or interesting finds.  
		
168 
Single Centrifugation Flotation   
Mix 3 grams of feces with 15-20 ml of flotation solution in a small cup to create a 
well-mixed fluid suspension.  (Enough solution so that when you fill the centrifuge 
tube, it is very close to full – drier feces will require more solution because it will 
retain more of the liquid)  
1. Pour the suspension through a strainer into a second cup.  
2. Decant the supernatant into a 15 ml conical centrifuge tube, secure a cap on the 
tube and centrifuge for 5 minutes at 1200 rpm (75 turns of the handle per minute).  
3. Remove cap, add flotation solution until you create a reverse meniscus.    
4. Place a cover slip over the tube and allow it to sit for 10 minutes.  
5. Lift the cover slip directly upward and place the cover slip on a slide.  
6. Examine the entire slide using the 10x objective lens and search for ova, larvae, 
and protozoa.  Photograph using the 40x objective lens and the 10x as well for 
questionable or interesting finds.  
Sheather’s Sugar Flotation Solution:  454 g sugar and 355 ml water.  Dissolve the 
sugar with low heat.  This achieves a specific gravity of 1.27.  
Recipe for enough solution to analyze 4 samples:  
63.89g sugar to 50 ml of water.  
Recipe for enough solution to analyze 6-8 samples:  
127.77g sugar to 100 ml water  
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Parasite Identification: Parasites were identified based on their size, shape, and key 
morphological characteristics and through the reference of a photo guide that was put 
together from www.cdc.gov. Identification was based on the following descriptions: 
Balantidium sp.: Protozoan parasite that has brown, spherical cysts that have cilia on the 
outside.  Cysts range from 45-65 µm and a macronucleus is visible in young cysts, while 
older cysts appear granular inside. 
Enatmoeba sp.: Protozoan parasite with spherical cysts much smaller than Balantidium, 
ranging from 5-60 µm depending on the species, but usually 10-25 µm. Nuclei are 
occasionally visible on an unstained slide (1-8 nuclei). 
Enterobius sp. (pinworm): Nematode egg with a smooth thin shell. The egg is elongated 
and asymmetrical with one side flattened and the other side convex. They typically range 
from 50-60 x 20-32 µm. They sometimes contain a visible, fully developed larvae. 
Strongyle-type: Nematode eggs that are large and typically range from 60-75 µm x 35-40 
µm.  They are oval or ellipsoidal in shape, with a thin shell. Larvae are often visible 
inside.  
Trichuris sp.: Distinctive, barrel shaped nematode egg, with “plugs” on both ends and a 
thick shell. They range from 49-65 µm x 20-29 µm. They can appear yellow, brown, or 
reddish in color. 
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APPENDIX THREE 
A.3 Alternate table for Table 5.3.2b, excluding infants and juveniles. 
Table 2a. Parasite prevalence of each parasite by age-sex class at Gunung Palung, 
including only independently ranging individuals (these prevalence values exclude 
infants and juveniles whereas Table 5.3.2b included within the text includes infants 
and juveniles)  
 
Female Male 
Balantidium sp. 89 75 
Entamoeba sp. 94 100 
Enterobius sp. 50 56 
Strongyle-type 100 100 
Trichuris sp. 5 31 
 
 
  
		
171 
 
APPENDIX FOUR 
 
A4. Output from Binary Logistic Regression Pairwise Comparisons for Parasite 
Prevalence of Trichuris: 
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